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It’s part of human nature to discuss the weather on a daily 
basis, but beyond a slight drizzle or chill in the air, what do we 
know about the wildest weather to hit planet Earth? Extreme 

weather events like lightning strikes, hurricanes, monsoons 
and floods affect people around the world every day, so it is 
faa) eke) a t- [al mnceom 0] avel=)a-1m-)alemual-m-(ol (=) a(e-m ol-) alialemual=)samuem-hiel(e| 
death and destruction. This book looks at the most destructive 
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to Michael Fish about his career at the UK Met Office and that 
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® ‘A but 
hits Florida’ -or at least so goes the well-known 
* saying. That’s usually a metaphorical expression 

that describes the Butterfly Effect, the idea that the 
sequence of events which leads to an eventual outcome is so 
chaotic and so far removed from its source that it’s near 
Thaavofeystcjle)(Muoe(clccyasauee(-MpbetaelKecty-Keymeya-vontaateteade(- mm 
weather, however, it can be taken literally. Although 
meteorologists might not be quite at the stage of pinninga 
specific weather pattern down to the movements of an 
insect, they have got the science of weather prediction 
(oKo\iioomcon: Babelce-Daem sl0imuelcnaccenec-rmimiiaceyetcacre)saCcinbeslctom 

In mid-October 1987, UK meteorologists predicted a spot 
of bad weather would hit the south coast of Britain but the 
deepening depression over the continent would progress no 
abbadelcyender-DomeelsmayercdbeJom@er-Devel-Jep-\cwimavegelcromelelommals 
depression not only moved on to the UK mainland, but also 
plummeted to a low of 953 millibars at the centre of what 
would later be christened the ‘Great Storm of 1987’. Indeed, 
it was the worst tempest to hit northern Europe in nearly 
300 years, with winds gusting up to 196 kilometres (122 
miles) per hour in the UK and even faster in France. It 





downed around 15 million trees, caused nearly £5 
($8 billion) worth of damage and forced the National Chaleure) 
shut down the power supply to London. 

As a force 11/12 storm on the Beaufort scale at worst, the 
Great Storm of 1987 would-be the equivalent of a category1 
hurricane or a severe tropical storm. It’s weather that 
subequatorial regions are well used to, if not prepared for, 
but which is unheard of in more temperate climes. The 
fortunate thing about these freak occurrences is that, more 
often than not, they can be traced to a source. So even if we 
can’t do anything to stop it happening again, scientists are 
more informed of the signs of extreme weather and perhaps 
we can be more prepared the next time a mega-storm hits. 

In this eight-page feature, we delve into some of the most 
extreme examples of weather from across the globe, what 
makes them so weird, the meteorological records they 
broke, the damage they caused, as well as the human cost. 
Where did the freak storms come from? What conditions 
gave rise to those temperatures and will anyone ever see 
rain like that again? Trace the floods, droughts, winds, 
rains and more back to their source to find out exactly what 
took them to a whole other level. # 














“The Phoenix haboob included heavy 
metal pollutants, fungi and bacteria 


that could cause eye infections 





= 
/ \ 
ia 
. 
a 
# “= 
er) . = 
P F — os reek, 
el a oo J i 7 rt = oe Zz = : = > Z- 2 - Ay t TT a | eS 
a" re = # mY = a jum = = = 
= = = = rs 4 - : a i, = = ’ 
= —_ -_ = af _— ew 4 i ji - 
P e - =“ r — } } Ff : 
. 4 i =: LF — 4 at". : — 
~ = _ ee r gil = 
i oe ee t 
2 ‘ i — —— ~ ifm —. = o. ‘ 
il # : = - ~ ae is 1 7 f shies i 2 mm ap. i : 
~~ [ Z = - = — ‘ / #0 ; = ai iy * bl. 
" 8 i tee =F 7 Se = 
iy ills . a = 7 a 4 —— 
1. 4 


Sudan sees a lot of 
haboobs - in fact, it is 
where the name originates 


Cool fact 


They may just be 
dust, but haboobs 
can take down power 
lines, jam electrical 
devices and play 
havoc with aircraft. 
77! 
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The Phoenix haboob 


Phoenix, USA 
3 


What you see here isn’t a cloud or smoke from a fire , but a haboob: 
a dust storm of monumental proportions that hit Phoenix, 
Arizona, in August 2011. Although the dust storms themselves 
aren't especially unusual in the region, this was a monster at two 
kilometres (1.2 miles) high and 100 kilometres (62 miles) across. 

Early June marks the beginning of the monsoon season for 
Arizona and it’s where this massive haboob began its life. Most of 
the land was still very dry when a large thunderstorm-forming 
depression settled over the desert, causing winds to move into its 
centre. When it collapsed, the winds reversed and downdraughts 
of up to 100 kilometres (62 miles) per hour blew across the arid 
region, kicking up a huge wall of dust that swept over the city. 

Haboobs occur in several desert areas, including the Middle 
East and Australia. They’re not particularly dangerous, but the 
dust gets everywhere and they can leave a covering of up to 0.3 
metres (one foot) of sand. The Phoenix haboob included additional 
hazards in the form of heavy metal pollutants, fungi and bacteria 
that could cause eye infections and lung diseases. 


18 August 2011 
Dust storm 





Cumulonimbus 


Cold downdraughts 
Gust front 
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Australian fire devil 


Where: Alice Springs, Australia When: 16 September 2012 
Fatalities: O Weather type: Fire devil 

Sh. ee They're more akin to dust devils 
idet-Domnoy@et-\ololc\pmolelmaelcmikeveevbers 
columns that form fire devils are 
much rarer than either. They’re 
hardly ever seen and rarely last 
long, which makes this most 
recent event in the Australian 
(oLbidoyclelcqcremenleleemarloyacmealeacreploytcn 

Filmmaker Chris Tangey had been working in the Alice 
Springs area when he was confronted with this 30-metre 
(100-foot) pillar of flame. Not only did it ‘sound like a fighter 
jet’, but it lasted nearly 40 minutes, giving Tangey ample 
time to video it and take photographs. 

Fire devils can occur when a column of warm air forcing 
its way up either comes in contact with a fire or conditions 
are right for it to create a spark. In the case of this fire 
devil, a bush fire that had raged for a week, plus an 
extended dry spell since April 2012, along withaperfectly : TN 


4 & . A ‘i mm 4 Vi it 


still day were ripe conditions for the fire tornado. 


Australia 





Cool fact 


Fire devils have been 





seen reaching as 
high as 1km (0.6mi) 
into the air. 








The North American cs: 
Ice Storm of 1998 


North-east America 7 January 1998 
Ice storm $6 billion (£3.7 billion) 


Ice storms are common on the east coast of the US and 
Canada. The infrastructure is generally prepared for the 
havoc these storms can wreak, but winter 1998 brought with 
it the most crippling ice storm in living memory. 

By 5 January 1998 it was clear eastern North America was 
in fora cold spell. An area of unusually high pressure was 
sitting over the Atlantic, trapping several weather systems 
on the land. Arctic air was being held at the surface in this 
area, while a front of low pressure was feeding it with warm, 
moist air from the Gulf of 


Mexico. The result was 1. ine air Se 2. Snow falls through 

; ; Up Welds ane serms the warm middle layer 
12.7 centimetres (five snow at high altitude. sndaneltsintesmall 
inches) of freezing rain 


water droplets. 
that fell over 80 hours, " 
crystallising on anything x » * 
it touched, taking down ~ vy > 


», > 
power lines, felling trees .* 
and making roads 


Deep 


» » warm 
3. The droplets fall into layer 
impassable everywhere. a very cold surface layer 

One of the worst-hit cities | °f air and supercool, 


ee es F forming freezing rain. 
was Montréal in Québec. Cold 
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The Tri-State Tornado 


Southern USA 18 March 1925 695 (confirmed) 
F5 tornado $16.5m ($1.4bn/£873m today) 


The deadliest tornado in US 
history was part of a tornado 
outbreak that struck the southern 
states in spring 1925. It touched 
down in Missouri and tracked 
north-east through Illinois and on 
to Indiana where it dissipated. In 
its wake the F5 monster - the 
highest possible rating on the 
Fujita scale - destroyed 15,000 
homes and killed hundreds of 
people. It could move at 110 
kilometres (70 miles) per hour, 
travelled 352 kilometres (219 miles) 
and, because it was so massive, it 
appeared as an enormous black, 


ground-hugging cloud, rather than 
the characteristic funnel shape. 

The Tri-State Tornado was born 
out of a cold low-pressure system 
that had been following what we 
now knowis the jet stream, down 
from Canada, along the Texas- 
Oklahoma border and into 
Missouri. It’s here that it hita 
warm front from the Gulf of Mexico 
and conditions were made perfect 
for a tornado outbreak. Judging by 
the speed the Tri-State Tornado 
travelled at, it’s likely the winds in 
the jet stream were particularly 
strong at the time. 





The Little Ice Age 1931 Yellow River flood © 


Northern Europe 1350-1850 China July-November 1931 Up to 4 million 


Northern Europe 


“i 


France 


The ‘Little Ice Age’ wasn’t a true 
ice age, but a period of 
significant cooling that took 
place worldwide (though it was 
felt most keenly in northern 
Europe) over the course of 500 
years. It was punctuated by 
several brief warming periods 
with the coldest period 
manifesting itselfin the 
late-17th and early-18th 
centuries. It’s during the 
winters over this period that the 
European landscape completely 
changed to something evocative 
of what might happen ifa real 
ice age occurred. Over the bitter 





N/A Global cooling Flood Unknown billions 


+ 
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In 1931, China experienced one of the 
deadliest natural disasters ever. Having had 
a two-year drought, China’s three big rivers 
burst their banks over three months: the 
overflowing Yangtze and Huai drowned 
nearly halfa million people between them, 
but casualty estimates of the Yellow River 
—— flood areas high as 2 million. Millions more 
faced starvation and sickness from waterborne diseases like cholera. 
Both the human and financial costs are hard to calculate. No single 
factor can be blamed for this tragic event, but it’s believed that large 





winter of 1683-1684, the River amounts of meltwater from a particularly snowy winter, combined 
Thames in London completely with heavy spring rain, began the 
froze over for two months and in abnormal flooding season. This was 
Switzerland entire villages were followed by no less than seven torrential 
lost to advancing glaciers. typhoons in July alone, when China 
Evidence suggests that this usually only sees two ina whole year. 


period of global cooling could 
have been caused by a number 
of factors combined. Volcanic 
activity around Indonesia in the 
13th century hada likely 
long-term effect, while a very 
slight shift in the Earth’s orbit at 
this time definitely contributed. 
The dips in this cooling period 
also coincided with minimums 
in solar activity. 
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4 Cool fact 






The Yellow River has 
several dams, which 
have been broken in These days, Yellow River — 
the past to use the jaColeye Wi a=)i(-Vaerelant=oMlameal> 
river aS a weapon co) gan melm-meve)ainge)i(-1e 
against enemy armies. burst from the 
A Xiaolangdi Dam 
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|-44 Tornado 
Corridor 


Where: Oklahoma, USA Weather type: Tornadoes 
There are several regions of the world where 
tornadoes have a tendency to touch down ona 
regular basis, but the 177-kilometre (110-mile) 
Sing heRovaccbelomaetsimaubelswaaeyeome)cet-Veleser-M@Iaiane) 
Tulsa is one of the most notorious. It follows part 
of the St Louis to Wichita Falls Interstate 44 

(Paley aXeCsmoelcm ot beets) e-bolemetstoecrerevemelenelebacreltcneyi 
destructive tornadoes tear down its length in the 
last century. The worst of these have ploughed a 
strip straight through Oklahoma City itself and, 
on 3 May1999, no less than 70 touched down in 
the region. One of these was a devastating F5 on 
the Fujita scale that killed 40 people, left 
thousands homeless and caused 

$1 billion (£620 million) of damage. 

Conditions at spring time make the I-44 
corridor ripe for tornadoes: as warm, moist air 
drifts north from the Gulf of Mexico across the 
southern states, it’s met by cool, dry air moving 
Jab Ted oMeyoma elomne)eycme)mmel=m core aval! (oloseie-bbelsmnonmel= 
west. Combined with the huge, flat expanses of 
land in the region, it’s perfect for twisters. 


Lighthouse of 
Maracaibo 


Lake Maracaibo, Venezuela 
Lightning 


There’s a lightning storm over Lake 
Maracaibo that has raged on and off for 
centuries. This unique phenomenon can be 
seen from many miles away, illuminating 
the lake and its surroundings for up to 160 
nights a year. Recent data from the 
University of Zulia showed the Maracaibo 
Lake basin to have the hottest flash density 
rate in the world, with an annual average of 
181 lightning flashes per square kilometre. 
Indeed, during peak months, there can be 50 
discharges every minute! The Lighthouse of 
Maracaibo is caused by very specific 
conditions. The wind that blows in across 
the plains is trapped by the surrounding 
Andes and Perija mountains, along with the 
warm, moist air it collected from the plains. 
The swampy land in this region produces a 
lot of methane, which rises into the charged 
clouds and is the catalyst for near- 
continuous lightning. 
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Cool fact 


Tornadoes can (and 
have) formed in the 
UK, though the great 
plains of America are 
the perfect breeding 
ground for them. 
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Cool fact 


Continental drift 
opened Drake 
Passage 41 million 
years ago, creating 
the Antarctic 
Circumpolar Current 
which helps to keep 
the continent cold. 





The Creeping 
Sandbox 


Gansu province, China 
Sand storm 


To most of us, a desert is an arid region that is 
relatively fixed. We don’t think of them as 
growing entities that can overwhelm 
communities in our lifetime, but that’s exactly 
what’s happening to the once fertile Mingin 
Oasis region of China. 

This farming community is being rapidly 
evicted by two deserts that sandwich it: the 
Tengger to the south-east and Badain Jaran to 
the north-west. In just over 50 years, more than 
259 square kilometres (100 square miles) have 
succumbed to desertification by the sands that 
advance at ten metres (32 feet) a year. While 
arable land has decreased from 932 to 155 square 
kilometres (360 to 60 square miles), the 
population has more than doubled, so farmers 
constantly need to relocate. Part of the reason 
Mingin is being swallowed up so fastisa 
long-term drought in the area and because the 
oasis’s life source - the Shiyang River - has been 
diverted farther upstream. 





The storms of 
Drake Passage 





South Atlantic/Pacific 
Sea storm 
It’s known as the 
Argentina roughest patch of ocean 
in the world ever since 
Atlantic == English privateer and 
explorer Sir Francis 


Drake gave it his name in 

1578. Drake Passage isa 
stretch of water 800 kilometres (500 miles) wide 
from the southern tip of South America to the 
frosty islands that surround Antarctica. 

These seas are rarely anything less than 
choppy and are frequently challenging even 
the most seasoned navigators and sailors. The 
wind in alternate passages from the southern 
Atlantic into the Southern or Pacific Oceans is 
often too strong to make any headway against, 
so Drake Passage is usually chosen as the lesser 
of two evils despite its treacherous waters. 

The Antarctic Circumpolar Current that 
travels swiftly through Drake Passage is made 
rough by the high winds that move from west to 
east at this latitude, creating waves that are 
frequently ten metres (32 feet) or higher. 


China 
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Hurricane Katrina 


y a) yl Where: New Orleans, USA When: August 2005 
ci in ad h ui rir C a in C6 Fatalities: 1,833 Damage: $108bn (£670m) 
One of the deadliest hurricanes in recent memory and 






D : P d : h the most destructive in US history, Hurricane Katrina. PT 
evastating WIth sie) geeks come wit Many profoundly affected New Orleans and its surroundings, ot ge vy 
erchesteny Jo)b1mele) they differ in aly way? where water reached up to 20 kilometres (12 miles) hs Ms | 


from the shore. Hurricane Katrina was the child ofa 

waning tropical depression and an atmospheric trough 

known as a tropical wave. It moved across the Gulf of 
“=| Mexico and rapidly strengthened over unseasonably 


What’s the difference between a cyclone, a 
mtg odalolovemsbelou-Melvneale-bel-rasomr-(emmnel-vacetcpeleyelcn 
These are the regional names given toa certain 


type of violent storm. So, cyclones occur in the - oP 
ee ; [7 =| Warm waters, transforming into amaximum-rated 
Xo)bid om oxcleabulenbelombetebt-bem@ler-Demmargeyaloleyatspenl ee —— x : rs . 
ae ae: a SO category 5 hurricane and shifting away from Florida 
the north-west Pacific, while in the Atlantic or_. = ae ; : ss 
we po a shortly before it slammed into the vulnerable city of 


north-east Pacific they're called hurricanes? A tag 
These violent storms are characterised by ~ 
extremely strong winds that can gustin excess 
of 200 kilometres (125 miles) per hour, 
torrential rain, floods and extremely high seas. 
At the centre of these storms is an ‘eye’, a 
circular region typically between 30 and 65 
kilometres (20 and 40 miles) wide that moves 
seid emu eemcine)@eem-balomsct-Daceoma slowly iim oleyselmeymnels 
atmospheric depression. The eye itself is cold, 


ey pe, a New Orleans in south-east Louisiana. 











deceptively calm and sunny, though the Cool fact 
strongest winds and thunderstorms encircle its Wind and rain were 
border, forming the eyewall. so strong when the 
: : ; Great Hurricane hit 
The ingredients for a storm of this type PabAdee TA Lite 
include an existing weather system combined reported bark was 
with warm seas, which is why they only ever stripped from trees! 


occur in subequatorial latitudes. These storms 
don’t form within 500 kilometres (300 miles) of Eq T ator 
the equator because they rely on the swirling 
Coriolis effect for its rotation, which diminishes 
to zero the closer you are to the equator. With 
rare exceptions, neither do they form in waters 
with a surface temperature colder than around = 
26 degrees Celsius (80 degrees Fahrenheit), The Great Hurrica ne 
sVAob Cel eM ablCsrsmolelmoce(elome)muelsmactimeymaslcaniealon rey este) 

























As with many types of extreme weather, the Where: Caribbean When: October 1780 
size and intensity don’t necessarily reflect its Fatalities: 22,000 Damage: Unknown date). a Cyclone 
Sebo tas ates uid CG Simply known in English as the Great Where: Bangladesh When: November 1970 
typically several times bigger than its Atlantic Hurricane of 1780, this category 5 beast is Fatalities: 500,000 Damage: $490m (£306m) 
cousin, the hurricane. But many smaller the deadliest hurricane on record. It The Bhola Cyclone was, meteorologically 
hurricanes have achieved a higher profile predates when records officially began in speaking, far from record-breaking. Its winds 
simply because they made landfall and 1851, so there’s no exact data. It’s likely of around 140 kilometres (87 miles) per hour 
devastated the highly populated southern though that its wind speed exceeded 320 made it the equivalent of a relatively modest 
states of the US. kilometres (200 miles) per hour and it category 3 or 4 hurricane. But it struck a very 





devastated the relatively unprepared parts vulnerable low-lying area of eastern Pakistan 
of the Antilles in the Caribbean Sea. with a six-metre (20-foot) storm surge at night. 
Casualties include fleets of British and With no way of warning locals, the authorities 
French ships that were vying for control of were helpless as hundreds of thousands 

the region as a part of the American drowned. Bholaformedfromtheremnants of i 
Revolution. It’s likely it formed in the a tropical storm and another depressionin the | , 
eastern part of the Atlantic Ocean picking Bay of Bengal, intensifying overfourdaysand & 
up strength as it approached Barbados. sweeping north into what is now Bangladesh. 


Key 


‘OAV Zoi (o)al=Komm nlel galore lalstow-lale| 
typhoons form in the warm 
waters near the equator from 
where they circulate away. Their 
(e[=)al=)e-] Mexele] axiom iow 0) gave [ea] 0) (=¥ 

1d atelele| smimscm ay-1aem co dale\imuvarels 
they will do or how strong they 
will get over longer periods. 
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Hurricane Vince 


Where: Portugal/Spain When: October 2005 
Fatalities: 0 Damage: N/A 


Its winds peaked at 120 kilometres (75 
miles) per hour, which only just registers 
as an official hurricane, it caused no 
damage and there were no fatalities, so 
why could Hurricane Vince be considered 
‘extreme’? Because of its unheard-of 
Spanish location and because of 
conditions at the time, which should never 
Jatshi(em oy cefohelacrom-Melebeale-belomm Melcm aslo) ars 
for its formation near Madeira still aren't 
understood. The 22-degree-Celsius 
(72-degree-Fahrenheit) seas should never 
have allowed the 25-kilometre (15-mile) eye 
to form within the tropical storm. But form 
it did, and it lasted several hours, breaking 
up just before it hit the Spanish mainland. 





Cool fact 


Hurricane Vince 
proved to bea 
blessing in disguise, 
dropping several 
inches of rain ona 


drought-ridden Spain. 


Cool fact 


Cyclone Tracy was, 
until 2008, the 
world’s smallest 
cyclone with a width 
of just 48km (30mi). 


Cyclone Tracy 


Where: Darwin, Australia When: 25 December 
1974 Fatalities: 71 Damage: $586m (£366m) 


On Christmas Day 1974, a category 4 cyclone 
swept through Darwin, Australia, with winds 
gusting in excess of 217 kilometres (135 miles) 
per hour towing a four-metre (13-foot) storm 


surge. Locals had been warned, but partly 


due to the season and partly because Cyclone 
Selma had failed to make landfall earlier that 


paslopardapmastsbenrmects(elcmalomeyacyel-Declmlevetce-lm-00e 
Cyclone Tracy developed in the seas 500 


kilometres (300 miles) north of Australia and 
spent the next few days tracking south-east 
until it hit the warm water of the Timor Sea, 


where it intensified dramatically. 


Super Typhoon Tip 


Where: Eastern Pacific When: October 1979 
Fatalities: 86 Damage: Unknown 


Super Typhoon Tip was a monster, even for 
a typhoon. It broke several records: it hada 
diameter of 2,220 kilometres (1,380 miles) 

— nearly twice that of the previous record 
holder. It had sustained winds of 260 
kilometres (160 miles) per hour and also set 
the world record for intensity witha 
staggering pressure low of 870 millibars. 
Mig) eleleyoM Blomeyarcabet-lncvomcrelvidemeyi 
Micronesia though it remained a tropical 
storm until it made a sudden westerly 
diversion from Guam, where it intensified 
(ole) atsate(=ye-lo)\va-balomevlmlncyol-r.l@alcrc bah mmolele 
kilometres (620 miles) from land. 


Cool fact 


Experts agree that 
Typhoon Tip would 
have been the most 
disastrous ever if it 
had hit the mainland 
at peak intensity. 





© Corbis; NASA 
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» @ Weanswer your burning questions about the 
incredible variety and awesome power of the 

a OVE Vatclmcpcalesimpbelnarcaunnatcscluneat=laleye)accvelevaslay ars! 
| Jo k i " reall eather starts with contrasts in 


) We like to be mA everything, but weat} Here’s what 
LAN — those changes in Jad eleck-1ueelescjo) ec) conmetclirs) ©) I tt d moisture in the atmosphere. Seems 
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those things that is just beyond our power. Maybe that’s e number of factors, like the Earth's 
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cloudless sunny day ora spectacular display of lightning rotation, w @ angle at which the Sunis 
have the ability to delight us. Meteorologists have come a IONE hitting itata =\\cl(O)eMecbelomrceleneeae.eneeviays 
way in their capability to predictweathe ms,track ~ 1 | es in atmospheric pressure. 
changes and forecast what we can expect to see when we leave rhe atn LIC, ieee s that a verysmall, local 

our homes each day. But they're not always righ . It’s not their olatvels(Xe-vel at ar-re aching effect on much larger weather 
fault; we still don’t completely understand all of the processes systems. That’s why it’s especially tough to make accurate 


datslmeeyelsalelelncnconelst-balxsweenmelcanycr-leele forecasts more than a few days in advance. # 
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‘to tell 
orm is? 


r, because thunder is the sound that 
olts are Ptiose to 30,000 degrees Celsius 


ee L1Y anc NU: 
goults an tightnilt ng. Lightn 


000 degrees Fahrenwert so the air in the atmosphere that they zip 
och becomes superheated and quickly expands. That sound of expansion 
Jled thunder, and on average it’s about 120 decibels (a chainsaw is 125, for 
reference). Sometimes you can see lightning but not hear the thunder, but 
_ that’s only because the lightning is too far away for you to hear it. Because 
light travels ——_ sound, you always see lightning before hearing it. 


~ 


1. Start the count 


When you see a flash of lightning, 
start counting. A stopwatch would 
be the most accurate way. 


2. Five seconds 

The rule is that for every five 
seconds, the storm is roughly 1.6 
kilometres (one mile) away. 


3. Do the maths 


Stop counting after the thunder and 
do the maths. If the storm’s close, 
take the necessary precautions. 


tIsit possible to 
stop a hurricane? 


We can't control the weather... o 

can we? Some scientists are cag 
to influence the weather through _ 
cloud seeding, or altering the clouds’~ 
(0) geleaisisrasom ©) Van [a aaele| (ela (emeia(slaal(ers|is 
lieMsxe)(e Kere]q elelaKe|(e)<(6\-m (ce) <cRe lay 
(es) erc|(el0lan eallelie(- and silver 
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What makes clouds? 


Buildup 

Thewarm, moist air builds 
up somewhere between 305m 
and1,525m (1,000-5,0ooft) 
above the surface. 


Warm, wet 

air rises 

Sunlight heats and 
evaporates water from 
the Earth’s surface. 
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CAN IT 

REALLY RAIN 
ANIMALS? 

Animals have fallen 

from the sky before, 

butit’s not actually 

‘raining’ them. More likely 
strong winds have picked up large 
numbers of critters from ponds or 
other concentrations — perhaps 
from tornadoes or downspouts - 
then moved and deposited them. 
Usually the animals in question 
are small and live in or around 
water for areason. 


DOES FREAK WEATH ER 
CONFUSE WILDLIFE? 
Ashort period of unseasonable 
weather isn’t confusing, buta 
longer one can be. For example, 
warm weather in winter may 
make plants bloom too early or 
animals begin mating long before 
spring actually rolls around. 
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IS THE ‘RED SKY AT 
NIGHT, SHEPHERD’S 
DELIGHT’ SAYING TRUE? 
The rest of the proverb is, ‘Red sky 
at morning, shepherd's warning’. 
Aredsky meansyou could see the 
red wavelength of sunlight 
reflecting off clouds. At sunrise, it 
was supposed to mean the clouds 
were coming towards you so rain 
might be on the way. Ifyou saw 
these clouds at sunset, the risk had 
already passed. Which is ‘good’ or 
‘bad’ is amatter of opinion. 
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WHAT ARE SNOW 
DOUGHNUTS? 


Snow doughnuts, or rollers, area 
rare natural phenomenon. If snow 
fallsin a clump, gravity can pullit 
down over itself as it rolls. 
Normally it would collapse, but 
sometimes a hole forms. Wind and 
temperature also play key roles. 


Cloud 

Air currents rise up and 
become thermals -rising 
columns of warm, 
expanding air. 


ee | 
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: Bases 
The bottom of 
the cloud isthe 
saturation point 
ofthe air, andit 
is very uniform. 





WHAT ARE 
KATABATIC 
WINDS? 

From the Greek for 
‘going downhill’, a 
katabatic wind is also 
known asa drainage 
wind. It carries dense air 
down from high elevations, such 
as mountain tops, downaslope 
thanks to gravity. Thisisa 
common occurrence in places 
like Antarctica’s Polar Plateau, 
where incredibly cold air on top of 
the plateau sinks and flows down 
through the rugged landscape, 
picking up speed asit goes. The 
opposite of katabatic winds are 
called anabatic, which are winds 
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DOES IT EVER SNOW 
IN AFRICA? 

Several countries in Africa see 
snow - indeed, there are ski 
resorts in Morocco and regular 
snowfallin Tunisia. Algeria and 
South Africa also experience 
snowfall on occasion. It once 
snowed in the Sahara, but itwas 
gone within 30 minutes. There’s 
even snowfall around the equator 
ifyou count the snow-topped 
peaks of mountains. 
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WHAT COLOUR 

IS LIGHTNING? 

Usually lightning is white, but 

it can be every colour of the 
rainbow. There are a lot of factors 
that go into what shade the 
lightning will appear, including 
the amount of water vapour in the 
atmosphere, whether it’s raining 
and the amount of pollution in 
the air. A high concentration of 
ozone, for example, can make 
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WHY DO SOME CITIES 
HAVE THEIR OWN 
MICROCLIMATE? 

Some large metropolises have 
microclimates —thatis, their own 
small climates that differ from 
the local environment. Often 
these are due to the massive 
amounts of concrete, asphalt and 
steel; these materials retain and 
reflect heat and do not absorb 
water, which keeps a city warmer 
at night. This phenomenon 
specifically is often knownas an 
urban heat island. The extreme 
energy usage in large cities may 
also contribute to this. 
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Warm, moist air 

This air rises up from the 
oceans, cooling on its way 
and condensing into clouds. 


Ifthe Moon didn’t existit | 
would have a catastrophic 
effect on world climates 


What would happen to our weather without the moon? 


It’s difficult to know exactly what would happen to our 
weather if the moon were destroyed. The Moon powers 
Earth's tides, which in turn influence our weather systems. 
In addition, the loss of the moon would affect the Earth’s 
rotation —- howit spins on its axis. The presence of the Moon 
creates a sort of drag, so its loss would probably speed up 
the rotation, changing the length of day and night. In 





addition it would alter the tilt of the Earth too, which causes 
the changes in our seasons. Some places would be much 
colder while others would become much hotter. Let’s not 
neglect the impact of the actual destruction, either; that 
much debris would block out the Sun and rain down on 
Earth, causing massive loss of life. Huge chunks that hit the 
ocean could cause great tidal waves, for instance. 


DEADLIEST NATURAL DISASTER 
The Huang He flood of 1931 covered over 100,000 square 


kilometres (62,000 square miles) around the Yellow River 
basin in China, claiming up to a staggering 4 million lives. 
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WHAT IS 

CLOUD 

IRIDESCENCE? 

This happens when 

small droplets of water 

orice crystals in clouds 

scatter light, appearing asa 
rainbow of colours. It’s nota 
common phenomenon because 
the cloud has to bevery thin, and 
even then the colours are often 
overshadowed by the Sun. 


WHAT DO WEATHER 
SATELLITES DO? 
The GOES (Geostationary 
Operational Environmental 
Satellite) system is run by the US 
National Environmental Satellite, 
Data, and Information Service 
(NESDIS). The major element of 
GOES comprises four different 
geosynchronous satellites 
(although there are other 
geo-satellites either with other 
uses now or decommissioned). 
The whole system is used by 
NOAA's National Weather Service 
for forecasting, meteorological 
research and storm tracking. The 


1 billion 


Why are you safer inside a car 
during an electrical storm? 


People used to think the rubber tyres on a car grounded any 
lightning that may strike it and that’s what kept you safe. 
However, you're safer in your car during an electrical storm 
because of the metal frame. It serves as a conductor of 


| What causes 
giant hailstones? 


Put simply, giant hailstones come from giant storms 
electricity, and channels the lightning away into the ground - specifically a thunderstorm called a supercell. It has satellites provide continuous 





without impacting anything - or anyone - inside; this is known a strong updraft that forces wind upwards into the views of Earth, giving data on air 
as a Faraday cage. While it is potentially dangerous to usea clouds, which keeps ice particles suspended for a long moisture, temperature and cloud 
ofoy ce (<Xom 0) aloyeleKe) meld elcyar-loje)it-veluccnelepanelee-RciKeesem oyele- 10 tore period. Within the storm are areas called growth cover. They also monitor solar and 


lightning can travel along cables, mobile or cordless phones are regions; raindrops spending a long time in these are near-space activities like solar 
fine. It’s also best to avoid metallic objects, including golf clubs. able to grow into much bigger hailstones than normal. flares and geomagnetic storms. 


How does the Sun cause the seasons? Wide whee 


Thewinter solstice marks the 





Seasons are caused by the Earth’s revolution around the Sun, as 
well as the tilt of the Earth onits axis. The hemisphere receiving 
the most direct sunlight experiences spring and summer, 
while the other experiences autumn and winter. During the 
warmer months, the Sun is higher in the sky, stays above the 
horizon for longer, and its rays are more direct. During the 
cooler half, the Sun’s rays aren’t as strong and it’s lower in the 
sky. The tilt causes these dramatic differences, so while those 
in the northern hemisphere are wrapping up for snow, those in 
the southern hemisphere may be sunbathing on the beach. 


SUMMER WINTER 

The Sun isatits highest pointin The Sun is at its lowest point in the 
thesky and takes up more of the sky and there is less daylight. The 
horizon. Its rays are more direct. raysare also more diffuse. 
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Vernal equinox 

For the northern 
hemisphere, this day- 
around 20 March-marks 
the first day of spring. On 
this day, the tilt of the Earth’s 
axis is neither towards nor 
away from the Sun. 


Summer solstice 
During thesummer solstice, 
around 20 June, the Sunisat 
its highest, or northernmost, 
pointin the sky. 


beginning of winter, with the 
Sun at its lowest point in the 
sky; ittakes place around 20 
December each year. 


Autumnal 
equinox 
On, or around, 22 


“= September in the 


northern hemisphere, 
this marks the start of 
autumn. The tilt ofthe 
Earth’s axis is neither 
towards nor away 
from the Sun. 
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HOW LONG 
DOES A 
RAINBOW 
LAST? 
There is no set rule for 
the duration a rainbow 
will last. It all depends on 
how long the light is refracted 
by water droplets in the air (eg 
rain, or the spray from a waterfall). 
It can range from moments to 
much longer. 
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WHY DOES IT SMELL 
FUNNY AFTER RAIN? 
This scent comes from bacteria in 
the soil. Once the earth dries, the 
bacteria (called actinomycetes) 
release spores. Rainfall kicks 
these spores up into the air, and 
then the moist air disperses 
them. They tend to havea sweet, 
earthy odour. 
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HOW MUCH RAIN CAN 
A HURRICANE BRING? 
The average hurricane, witha 
radius of about 1,330 kilometres 
(825 miles), can dump as much 
as 213 X10” cubic centimetres 
(1.3 X10” cubic inches) of watera 
day. That’s enough rain to fill 

up 22 million Olympic-size 
swimming pools! 


HOW DO DROUGHTS ~ 
AND HEAT WAVES 
DIFFER? 

Droughts are about an extreme 
lack of water, usually due to lower 
than average rainfall, and last for 
months or even years. There’s no 
set definition of a heat wave, but it 
typically means higher than 
average temperatures for several 
consecutive days. Both can lead to 
crop failures and fatalities. 
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WHY ARE RAINBOWS 
ARCH-SHAPED? 

Rainbows are arched due to the 
way sunlight hits raindrops. It 
bends asit passes through 
because it slows during this 
process. Then, as the light passes 
out of the drop, it bends again as it 
returns to its normal speed. 


WHAT IS THE GREEN | 
FLASH YOU SEE AS THE 
SUN SETS SOMETIMES? 
Atsunsets (or indeed rises), the 
Sun can occasionally change 
colour due to refraction. This can 
cause a phenomenon called green 
flash. It only lasts fora second or 
two so can be very tricky to spot. 
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What is the eye of a storm? 


The eye is the calm centre of a storm like a hurricane or tornado, 
without any weather phenomena. Because these systems consist of 
circular, rotating winds, air is funnelled downward through the eye 
and feeds back into the storm itself. 


© NASA 
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What ts a weather front? 








Aweather front isthe Wet ’n’ wild 
separation between two irehere'sa lokol 
different masses ofair, which sy moisturein the coldair 
have differing densities, , / mass, the wedge can 
temperature and humidity. ; 44 also causea line of 





On weather maps, they’re a showers and storms. 


delineated by lines and 
symbols. The meeting of 
different frontal systems 
causes the vast majority of 


oo 
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weather phenomena. 
Wedge Cold front 
As cold air is denser, it Cold fronts lie in deep 
often ‘wedges’ beneath troughs of low pressure 
the warm air. This lift and occur where the air 
can cause wind gusts. temperature drops off. 





What's the 
difference 
between rain, 
sleet and snow? 


When it comes to precipitation, it’s 
all about temperature. When the 
air is sufficiently saturated, water 
vapour begins to form clouds 
around ice, salt or other cloud seeds. 
If saturation continues, water 
droplets grow and merge until 
they become heavy enough to fall 
as rain. Snow forms when the air is 
cold enough to freeze supercooled 
water droplets — lower than -31 
degrees Celsius (-34 degrees 
Fahrenheit) - then falls. Sleet is 
somewhere in between: it starts 

as snow but passes througha 
layer of warmer air before hitting 
the ground, resulting insome 
snow melting. 





The eye at the ce’ 
hurricane tends tok 
50km (12-31mi) in di 


Thunderstorms Fog 

Unstable masses of Fog often comes 

warm air often contain before the slow- 

stratiform clouds, full moving warm front. 
of thunderstorms. 


Warm front 

Warm fronts lie in broad 
troughs of low pressure and 
occur at the leading edge of 
alargewarm air mass. 


STRANGE 









BUT TRU Ee Noctilucent clouds occur when icy polar mesospheric clouds - the highest B| 
clouds in the Earth’s atmosphere at 76-85 kilometres (47-53 miles) - refract g 
CLOUD LIGHTING the fading twilight after the Sun has set, temporarily illuminating the sky. ¢ 
5 
DID) OU/KNOW 2 
Rising heat High pressure Cooler air High pressure 
Dry land is heated by the High pressure carries the sWatexeole)(cree-104 High pressure carries the 
Sun, causing warm air to cooled air out over the water. slowly sinks cooled air towards land. 
rise, then cool down. down over land. 
Cooler air | <— Rising heat 
The cooled air Ys In the evening, 
slowly sinks down the land cools 
over the ocean. Nn 


Surface wind 
Wind over the ocean blows the 
cool air back towards land. 








Does lightning ever strike 


What are red sprites in the same place twice? 
a 4 Yes, lightning often strikes twice in the same 
and blue jets a location. Ifthere’s a thunderstorm and lightning 


strikes, it’s just as likely to happen again. Many 
These are both atmospheric and electrical phenomena that take place in the upper atmosphere, and tall structures get struck repeatedly during 


are also known as upper-atmosphere discharge. They take place above normal lightning; blue jets thunderstorms, such as New York City’s famed 
occur around 40-50 kilometres (25-30 miles) above the Earth, while red sprites are higher at 50-100 Empire State Building or NASA's shuttle launch 
kilometres (32-64 miles). Blue jets happen in cone shapes above thunderstorm clouds, and are not pad in Cape Canaveral, Florida. 

related to lightning. They’re blue due to ionised emissions from nitrogen. Red sprites can appear as 

different shapes and have hanging tendrils. They occur when positive lightning goes from the cloud to 


the ground. HOW cold W/dS the 
coldest day 
In nistory: 


7 GQ C (-129 F] 
Recorded on 21 july 


1983 at Vostok II 
Station, Antarctica 


Why does the 
Sun shine? 


The Sun is a super-dense 
ball of gas, where hydrogen 
Is continually burned into 
helium (nuclear fusion). This 
generates a huge deal of 
energy, and the core 
reaches 15 million degrees 
Celsius (27 million degrees 
Fahrenheit). This extreme 
heat produces lots of light. 
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WHAT IS 
CLOUD 
IRIDESCENCE? 
This happens when 
small droplets of 
water or ice crystals in 
clouds scatter light, 
appearing asa rainbow of 
colours. It’s not common because 
the cloud has to bevery thin, and 
the colours are often 
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WHAT DO WEATHER 
SATELLITES DO? 
The GOES (Geostationary 
Operational Environmental 
Satellite) system is run by the US 
National Environmental Satellite, 
Data, and Information Service 
(NESDIS). The major element of 
GOES comprises four different 
geosynchronous satellites 
(although there are other 
geo-satellites either with other 
uses now or decommissioned). 
The whole system is used by 
NOAA's National Weather Service 
for forecasting, meteorological 
research and storm tracking. The 
satellites provide continuous 
views of Earth, giving data on air 
moisture, temperature and cloud 
cover. They also monitor solar 
and space activities like solar 


flares and geomagnetic storms. 


WHY ARE CLOUDS 
FLUFFY? 

Fluffy-looking clouds are a type 
called cumulus. They form when 
warm air rises from the ground, 
meets a layer of cool air and 
moisture condenses. If the cloud 
grows enough to meet an upper 
layer of freezing air, rain or snow 
may fall from the cloud. 


WHAT'S IN ACID RAIN? 


Acid rain is full of chemicals like 
nitrogen oxide, carbon dioxide 
and sulphur dioxide, which react 
with water in the rain. Much of it 
comes from coal powerplants, 
cars and factories. It can harm 


wildlife and damage buildings. 


WHY CAN I SEE MY 
BREATH IF IT’S COLD? 
Your breath is full of warm water 
vapour because your lungs are 
moist. When it’s cold outside and 
you breathe out, that vapour cools 
rapidly as it hits the cold air. The 
water molecules slow down, 
begin to change form, and bunch 
up together, becoming visible. 
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Meteorological marvels 







































Where are you most likely 

to get hit by lightning? 

Generally lightning strikes occur most often during the summer. So 
the place where lightning strikes occur the most is a place where 
summer-like weather prevails year-round: Africa. Specifically, it’s the 
village of Kifuka in the Democratic Republic of Congo. Each year, it gets 
more than 150 lightning strikes within one square kilometre. Roy 
Sullivan didn’t live in Kifuka but he still managed to get struck b 
lightning seven separate times while working as : 

Shenandoah National Park in the USA. 

- Vifginia — does have a high incidence of 
but Since Sullivan spent his jol 

was greater due toh 





Lightning oecurs most often 
in hot, summer-like climates “™ 
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How do tornadoes work? 


O 
a, 15,000,000 C 


air and at high altitudeis Lge) *)(er-)| air 


necessary fora tornado. sVatexeo)(oBaceyere 
| a meets awarm front 
full of very moist air 
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Why Is it so quiet 
after it snows? 


It’s peaceful after snowfall as 
the snow has a dampening 
effect; pockets of air between 
the flakes absorb noise. 
However, if it’s compacted 
snow and windy, the snow 
might actually reflect sound. 





Tornadoes start out with severe thunderstorms called 
supercells. They form when polar air comes in contact with 
tropical air in avery unstable atmosphere. Supercells containa 
rotating updraft of air that is known as a mesocyclone, which 
keeps them going for a long time. High winds add to the 
rotation, which keeps getting faster and faster until eventually 
it forms a funnel. The funnel cloud creates a sucking area of 


low pressure at the bottom. As soon as this funnel comes in to 
contact with the Earth, you have a tornado. 
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Whaat ts ball 
lightning? 
This mysterious 
phenomenon looks 
like a glowing ball of 
lightning, and floats 
near the ground 
before disappearing, 
often leaving a 
sulohur smell. 
Despite many 
sightings, we're still — _—" 

not sure what 2 | . 
Causes It. 
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Gravity waves are waves of air moving through a stable 
rN ars Me) ad olswr- 1000 )s}0) olc) acm Melee Do @meebredelmolcRoptsye)tclacremeyiacvel 
updraft or something like mountains as the air passes 
over. The upward thrust of air creates bands of clouds with 
- empty space between them. Cool air wants to sink, but ifit 
Dep Holbleyi(cfok-texbuemeyamel-neyeleteVimmlanyall meccrccr-loloblmleyercut 
__ gravity wave clouds. 
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Surviving 
extreme Earth 
Find out how to survive some 


of Earth's toughest weather 


Cyclone vs anticyclone 
What causes these spinning 
systems of air? 


Megafloods 
Discover the epic floods that 
Shaped our world 


Drought 

Learn the science behind what 
can bea devastating event 
around the world 


Hurricanes and 
typhoons 

Understand what’s so different 
about hurricanes and 
typhoons 


Lightning 

Find out what's behind the 
phenomena that lights up the 
Skies in astorm 





Heatwaves 
Find out the Met Office’s best 
advice for what to do whena 
heatwave hits 


Rise of the superstorm 
Discover the science behind 
Earth’s most dangerous and 
deadly tornadoes 


Firestorms 

Explore nature's most violent 
infernos from tornado-force 
winds to the super-hot flames 


Monsoons 

The wind systems behind 
the weather of Earth’s sub- 
tropical regions 


Avalanche! 
What causes the deadly 
landslides made of snow? 


Killer storms 

Marvel the raw power of 
nature when it hits you with its 
absolute worst 








DEADLY WEATHER 





DEADLY WEATHER 






















Aug1910 Jani1911_ ie Sept1911 Deci1911 Dec1911 


Amundsen and his team The boat reaches the Ross Pa : ' In their first bid to get By reaching 88°23’S, the Amundsen reaches the 
set off from Christiania, Ice Shelf, sailing closer to ¢ closer to the Pole, bad team is further south South Pole where he and 
Denmark with nearly 100 the Pole than Scott’s team, weather forces them to than anyone has ever his team place a 
Greenland dogs. giving them an advantage. race back to their base. travelled before. Norwegian flag at the site. 
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Wile 
reme 
arth 


The skills you need to journey into the 
wilderness and get out again alive 


™ For many of us, the toughest 

r conditions we'd ever have to face 
=== would probably be walking the dog in 
the bucketing rain. However, outside of the 
urban sprawl there are some places on Earth 
that aren’t so hospitable to humans. While 
mankind has successfully populated large 
areas of the planet’s land surface, there are still 
many places you wouldn’t dare to venture 
unless you really enjoy a challenge or have just 
eXelmaloyaaloyyvamelevaaloyalessim 

History is littered with people who have 
faced the biggest tests this planet has to offer, 
whether deliberately or accidentally, and lived 
to tell the tale, but many have fallen victim to 
frozen wastes or scorching plains. Even the 
best-prepared adventurers can come unstuck 
in the face of the amazing force of nature. 

Over the next few pages we trek across 
deserts in search of water, dredge through 
jungles and scale icy mountains to uncover the 
dangers you're likely to come up against. Find 
out the equipment and skills needed to survive 
some of the most mind-boggling and hostile 
environments, where temperatures can 
“Rae | plummet in hours and winds can reach 
: breath-taking speeds. 
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= = We're not saying we will instantly turn you 
Cet as into the next Ranulph Fiennes, but it will 
hopefully give you a fighting chance should you 
— find yourself in the depths of the Arctic Circle or 





in the middle of the Sahara. We still wouldn't 
q=reeyeebentsveromimaelonersdae 
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P Surviving Earth 


Beat the freeze 


How to stay alive when you're freezing to death 








Earth’s north and south extremities are 
. ¥ among the most inhospitable on the 
=—_ planet. Even in the summer months 
temperatures are near freezing and winds can 
reach up to 327 kilometres (200 miles) an hour, so 
it’s no wonder the cold is the biggest killer here. If 
you're trekking across snowy wastes, you better 
have packed your thermals. Shrug on multiple 
layers of breathable fleeces and keep them dry. 
Any water will instantly freeze, as will any 
exposed flesh. Even nose hairs and eyelashes 
start icing over in minutes, so covering up is key. 

Your body will respond quickly to the heat loss 
by tightening blood vessels near your skin. This 
is the reason we look paler when we're cold and 
why our fingers and toes become numb. 
Meanwhile, your muscles will start moving 
involuntarily, causing you to shiver. It can boost 
heat production up to five times, but that uses up 
a lot of energy so you'll need to keep eating and 
drinking. Consume six to eight litres (10.6 to 14 
pints) of water every day and around 6,000 
calories, three times the typical recommended 
daily allowance. You can get this by melting 
butter into your food or munching on chocolate 
and bacon, so it’s not all bad! 

Aword of warning, though: keep your eyes 
peeled. Hungry polar bears, particularly those 
with cubs to feed, can be aggressive and are 
masters of disguise. Flares and loud noises will 
often be enough to scare them away. You'll also 
need to watch your step, as slipping througha 
crack in the ice can send you plummeting into 
the freezing cold ocean. It’s generally safe to 
walk on white ice, but grey ice is only ten to 15 
centimetres (four to six inches) thick and prone 
to cracking, while black ice is to be avoided at all 
costs since it will have only just formed. Tread 
carefully, stay wrapped up and keep on the 
move if you want to have any hope of survival. 





Amazing animal 


The arctic fox is an incredible little animal, well 
adapted to living in one of the harshest 
environments on Earth. Its furry feet and short ears 
are ideally suited to conserving heat in the 
unforgiving, freezing environment. Its coat is also 
adaptable; while its habitat is snowy its fur is 
brilliant white, hiding it from both prey and 
predators. However, as the ice melts, its coat turns 
brown or grey to hide among the rocks of the region. 
The arctic fox is an omnivore, feasting on rodents, 
fish and birds, but it will also eat vegetation when 
meat is difficult to find. 
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Polar bears are the + 
Arctic’s deadliest hunters . ? 
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| There is peril at every 

| step as one wrong 
move can plunge you — 
into icy waters 





Life-saving kit 


A rundown of what to wear to stay warm 


Hat 

A hat with ear flaps that 
covers the head and neck 
is vital. A strap to secure it 
on the head will be useful 
in high winds. 


Thermal shirt 

Your base layer should be a 
thin, thermal insulating top 
that wicks any sweat away 
from your body. 


Jacket 

Your jacket will need to be 
both wind and waterproof 
to keep you dry and warm. 
Wrist holes in the cuffs 
keep it secured. 


Boots 

Warmth is vital - literally 

- so fleece-packed boots 
are good. Straps are better 
than laces but don’t fasten 
them so tight it cuts off 
the blood supply. 


Mad (cme|ge) mam aal is 
area so finding food 
is tough 






Goggles 

The best goggles have a 
photochromic lens to help 
ward off glare from the ice 
and make sure you see 
cracks and holes. 


Balaclava 

You'll need to cover up as 
much as possible, so a 
woollen balaclava will keep 
the most heat in. 


Mittens 

Although gloves offer more 
dexterity with actions, 
mittens are better as they 
keep your fingers together 
and much warmer. 


Trousers 

Waterproof and windproof 
trousers are a must. Make 
sure they are also 
breathable, however, as 
you don’t want your legs to 
become sweaty and lose 
valuable fluid. 






DEEP FREEZE the lowest temperature ever recorded on Earth. 


RECORD oO COLDEST PLACE ON EARTH 
A bone-chilling temperature of -93.2°C (-135.8°F) was 
B R EA KER S Eel is ¢ recorded in Antarctica in 2010 by satellite, making it 














DDYOOKIWMP USA, Russic, Norway, Canodo ond Denmark all Icy claim to territory in the Arctic, but none are allowed to own it 





Survive the night 


Build an igloo for protection 





Find your spot 

The first trick to making your igloo is to build it on the 
side of a slope. This will mean less building for you to do. 
Dig a trench in the snow around 0.6m (2ft) deep. Get in 
and slice out blocks of packed ice from either side of the 
trench to ensure they are nice and uniform. i 





Ice fishing Be 
Make a hole in the ice with an auger - a kind of | | F > 
drill that bores large holes. The ice you bore on . = 

should be light grey and about 15 centimetres (six | 
inches) deep. Produce a hole approximately 0.5 
metres (1.5 feet) in diameter. Set up your chair 
one metre (three feet) away from the hole and 
hold your rod over the top of it, with the line 
dangling in the water. The rod should only be 
about a metre (three feet) long and made of a 
sturdy material. Drop the baited line down around 
two metres (seven feet) and wait for a bite. Reel it 
in and keep it chilled before cooking! 


Po ae Dig yourself in 

rn UO0.5 Dig another trench into the side of the hill. It should be 
about 0.5 metres (1.6 feet) wide. This is the entrance 
trench. Leave a gap and dig another hole, but don’t make 
it as deep as the entrance trench. This is your sleeping 


e ad | chamber, so make sure you fit in it! 


ANTARCTICA'S ICE ACCOUNTS 
FOR 70 PER CENT OF THE WORLD'S 
a FRESH WATER 














4 MILLION 
PERMANENT 
INHABITANTS IN 
THE ARCTIC, NONE 
IN ANTARCTICA 





Construct the walls 

Stack the ice blocks in a circle around the sleeping trench, 
leaving a gap around the entrance trench. Over the 
entrance trench, stack the blocks in a semicircle. Make 
the entrance tunnel as small as possible to minimise heat 
loss. Rub water over the blocks to fuse them together. 


This simple tool can 
find you a life-saving 
source of food 
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How to survive the extreme temperatures of the desert 


) While the polar regions are always 
3 bitterly cold no matter what time of 

= day it is, one of the major challenges in 
surviving the desert is dealing with the 
ridiculous changes in temperature. In the 
midday Sun, the mercury can reach as highas 
50 degrees Celsius (122 degrees Fahrenheit) in 
the Sahara, but drop to below freezing by night. 
Your best bet is to wear a loose-fitting robe. This 
will let air circulate around the body and you 
won't get nearly as hot and sticky. At night, 
when the temperature plummets, you can wrap 
it around you for warmth. 

It is vital that you protect your head. If you 
think a touch of sunburn from staying by the 
pool on holiday is bad, that’s nothing compared 
to the effects of walking all day in the parched 
desert. Even ifit means burning another part of 
your body, wrap something around your head 
and neck so you don’t succumb to sunstroke, 
which can lead to hallucinations and fainting. 

Other dangers in the desert will mostly come 
from scorpions. They hide in the sand and 


Desert dress 





deliver a sting with their tail that can paralyse 
and eventually kill. Sturdy boots will protect 
you from these creepy crawlies, as well as 
making your travelling over sand much easier. 
While they don’t make great pets, scorpions do 
provide a crucial source of nutrition. Picking 
them up by the tail just behind the stinger is the 
safest method and it will give you vital protein 
for your journey. Just don’t eat the tail. 

In the desert, you'll need to adjust your body 
clock. Aim to shelter during the day and travel 
at night. This has the dual benefit of avoiding 
the scorching sun and keeping you active 
during the freezing night. It also means you can 
keep on the right track easily by following the 
stars, hopefully leading to civilisation. 

Shelter can come in the form of large rocks or 
cliffs. Alternatively, you can dig a trench down 
into the cooler sand and use clothing or some 
other material you have available to forma 
canopy over the top, secured by rocks or sand. 
As long as it is atan angle and not touching you, 
you'll be protected from the Sun’s glare. 


The essentials to surviving in the hottest places on Earth 


Headwear 

If you don’t have any 
headwear, you could suffer 
with heatstroke, so protect 
your face and neck. 


Sleeping bag 

A brightly coloured blanket 
will be useful as it would 
enable any search party to 
find you, will keep you 
protected in the day and 
warm at night. 


Sun cream 

The baking temperatures 
will burn you in no time at 
all, so a high factor sun 
cream will provide at least 
some protection. 








Sunglasses 

The desert throws up an 
awful lot of sand and glare, 
so sunglasses will be 
absolutely vital. 


Water bottle 

This will be your greatest 
friend. Take small, regular 
sips and if you ever find a 
water source, fill it up as 
much as possible. 





Shirt 

Your clothes will need to 
be as loose fitting as 
possible to minimise 
sweating and dehydration. 





Footwear 
eo U Even though you'll be 
@ desperate for sandals, 
: ‘a> trainers or walking boots 


will give you grip and 
necessary protection. 


Amazing 
animal 


The camel is known as 
the ship of the desert, as 
this remarkable creature 
can travel without food or 
water for a long time. 

= Domesticated 3,000 
years ago, camels have been an 
invaluable help to those who make 
their livelihood travelling the desert. They can 


= carry 90kg (200Ib) on their backs effortlessly 


and can travel up to 32km (20 mi) a day, with 
the added bonus of being able to last for at least 
a week without water and months without food. 
Camels store fat in their hump to use as a 
food source and consume 145] (32gl) of water in 


= onego, which they also store for later use. They 


have adapted wonderfully to the desert, 

developing a membrane across the eye and 
extra-long eyelashes to counteract sand storms. 
Their feet also are incredibly well protected with 
calluses and spread out for walking on sand. 


Pe 
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» Milessand milés of 
_ sand can leave you 
hopelessly lost 


Finding your 
way around 


The desert is not only barren and featureless, but it 
is also a moving entity. Therefore, finding your way 
around is tough. The easiest way to find your way 
around is with a compass, but if that isn’t available, 
travel at night and use Polaris, the North Star, as 
your makeshift compass. 

Even though they are always shifting, sand dunes 
can also provide useful navigation hints. They 
always build up at 90 degrees to the direction of 
the wind, as the wind pushes sand upward to form 
them, so even when there’s no wind, if you know 
the wind is northerly, the dunes will go east to west 
and you can use that information to navigate. 

If you are lucky enough to have any landmarks, 
try and make a straight path between them so you 
know you are going in a straight line. 
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Gobi Desert - Arabian 
This 1.3mn km? =» Desert 
(502,000mi’) rocky At a staggering 2.3mn 


desert covers a large 
portion of China and 
Mongolia, experiencing 
| harsh and dry winters. 


km? (888,000mi?), the 
harsh Arabian Desert 
takes up most of the 
Arabian Peninsula. 





‘asl 


— bigger than any other non- 


0 ATSUT Raters 
A ROG polar desert. 


Sahara Desert 
The most famous desert 
in the world measures 
9.1mn km? (83.5mn mi?), 
making it over three times 
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Fight extreme thirst 


Locate the desert’s most precious resource 
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Follow the wildlife 
There are a number of birds and land animals that live in 
the desert and they all need water. Try and follow them 
wherever possible and hopefully they should lead you to a 
water source. 







Shady cliffs 


In your quest for precious shade, you might also be lucky 
enough to find water. Dips and ridges that face north 
could be housing puddles and pools in their shaded, 
cooler spots. 
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Grass is always greener 

Plant life and vegetation means there is water around 
somewhere. Head down into valleys where there is plenty 
of greenery and even if there isn’t a spring or pool around, 
you should be able to extract water from leaves or roots. 





Contrary to popular belief, drinking cactus water won't quench your thirst but make you very II| 





70.7°C (159.3°F) 
Hottest temperature 


ever recorded (Lut 
Desert, Iran) 


58°C (136.4°F) 
Hottest Saharan 

temperature (Sahara 
Desert, North Africa) 





56.7°C (134°F) 
Hottest directly 
recorded temperature 
(Death Valley, Arizona) 


34.4°C (94°F) 
Hottest average yearly 
temperature (Afar 
Depression, Ethiopia) 


26°C (78.8°F) 
Hottest average 


temperature in Europe 
(Seville, Spain) 
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O°C (32°F) 
Night temperature in 
the Saharan Desert 















































-20°C (-4°F) 
Coldest average 
desert temperature 
(McMurdo Dry 
Valleys, Antarctica) 


-89.2°C (-128.6°F) 
Coldest directly 
recorded desert 
temperature (Vostok 
Station, Antarctica) 
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Battle life-threateninc 
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How to cross the world’s most treacherous terrain 


Mountains are the ultimate test of 
survival. They're prone to rapid 
changes in weather and it’s near 
impossible to predict. Even ifthe base is warm 
and sunny, by the time you reach the summit, 
low cloud can blind you, rain can make the 
terrain slippery and the cold can freeze you. 
Good preparation is essential and you'll need 
a lot of kit. Pack a rucksack with a map, 
compass and a flashlight or headtorch, along 
witha brightly coloured emergency blanket, 
and dress in thermals and waterproof and 
windproof clothing. You'll also need to keep 
well hydrated. A lack of fluid at high altitude 
will result in dizziness, intense headaches and 
even frostbite. If you don’t have any water to 





Amazing animal 


The mountain goat is amazingly adapted to life on 
the mountainside. Their hooves are curved and 
flexible to provide them more grip and traction on 
the treacherous slopes. Despite looking spindly and 
thin, their legs are actually very strong and they 
can leap surprisingly large distances. 

They have two coats, a warm, woolly undercoat 
and a thinner but longer overcoat, which keeps the 
insulating undercoat dry. This system is how they 
can stand the cold temperatures long after bigger 
animals have given up and descended down the 
mountain in cold weather. 


Mountain gear 


What you need to brave the harsh, mountainous environment 


Beanie 

A tight-fitting hat will keep lots 
of heat in as well as not being 
likely to fly away! 


Mittens 

Although it would be useful to have 
fingers available for gripping ledges, 
it’s more important to have your 
fingers warming each other. 


Rope 

A strong and sturdy rope will help 
you protect yourself while asleep 
and also aid you in climbing or 
negotiating dangerous paths. 


Trousers 

You need to keep dry and have items 
accessible, so a pair of waterproof 
trousers with zipped pockets will be the 
most useful. 
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hand, try to finda stream or melt some snow or 
ice to drink. 

The altitude is a real issue for many 
mountaineers. As you climb higher, the air 
pressure reduces, meaning there is less oxygen 
for you to breathe. This lack of oxygen will 
cause your brain to reduce activity in all but the 
most important organs, making your limbs 
heavy and head dizzy. The most important 
thing to do is rest and re-oxygenate your body. 

If you are trying to escape the mountain, the 
best way is to head downward, but this isn’t 
always possible. Mountains have complicated 
structures and often there isn’t an easy path 
down. If possible, put markers along your route 
to show where you have already been, to avoid 


GoPros are a 
great way to 
record your 
adventure 








walking in circles. As well as being potentially 
confusing, mountains also hide dangerous 
crevices. Keep your eyes peeled for breaks in 
the snow or ice and if you are ever unsure, try to 
find rocks or stones to throw in front of you that 
could give away a hidden abyss. 

If the visibility does become too poor, the 
safest thing might be to bed down. Find a spot 
out of the wind and protected from any snow or 
rainfall, like a cave or overhanging cliff. Even 
though it might sound strange, pack your 
surroundings with snow, because it does have 
insulating properties. Pile yourself with as 
many layers as possible and this should provide 
the warmth so you can make it through the 
night and try to find your way out in the light. 


Keep a record 


It’s always handy to have a visual record of your 
travel by using a video recorder like the Hero3+ 
from GoPro. This camcorder is incredibly robust, 
lightweight and waterproof. It can also be attached 
onto helmets or bags, leaving your hands free to 
scale the treacherous mountainside. 

Using a GoPro camera will also be useful as, once 
you get off the mountain to safety, you and a 
professional will be able to look over the footage, 
determine what went wrong and see how you could 
avoid getting stuck in the same situation again. The 
Hero3+ is available at www.camerajungle.co.uk. 


Headlight 

A powerful headlight will be essential for 
finding your way around in darkness 
without wasting a hand on a torch. 


Coat 

Lightweight is key here because you don’t 
want to be weighed down. Bright colours 
will also make you visible to rescuers. 


T-shirt 

A tight-fitting T-shirt made of 
breathable material will keep 
body heat in without making 
you sweat. 


Flare 
If you can send up a flare, do so at 
night. Not only will it attract the 
attention of rescuers, it might 
ward off predators. 
1 Boots 
A high-legged boot will keep the worst of 
the snow and water out, while the sole will 
need to be rugged and have tons of grip. 
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Keep the fire burning Pe. 


How to warm up on the mountainside is 


Find some wood Build your base Light the fire 

You'll want a variety of wood, from small sticks and twigs, | Dig asmall pit in the ground. Surround it with stones so Place the larger branches and logs at an upwards angle, 
all the way up to sizeable branches and logs. The smaller the fire doesn’t get out of control. Place the smallest bits allowing the air to circulate and ensuring all the wood is 
bits will light much more quickly while the bigger pieces of wood at the bottom of the pile, but leave some gaps to getting burned evenly. Make sure everything is connected 
will burn longer, hotter and form the bulk of the blaze. keep the fire supplied with the oxygen it needs to burn. so fire can transfer from one piece of wood to another. 


The weather can turn in an 
instant, so make sure you’re 
prepared for guything 
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Crevices and cracks await 
the unwary traveller 











Ben Fogle vs 
Mother Nature 


TV’s most charismatic survivalist has taken 
on ocean rows, desert marathons and polar 
expeditions. We got the chance to ask him 
how and, more importantly, why 


Ben Fogle first exploded onto the 

survivalist scene as the star of BBC 

Re scrics Castaway 2000. 13 years later, he’s 
riding a camel, commando. “The desert is 
unforgiving; I wish I had worn pants”, he laughs, 
recalling the time he followed in the footsteps of 
legendary British adventurer Sir Wilfred 
Thesiger, crossing a brutal stretch of Middle 
Eastern desert. “We did it authentically, wearing 
original clothes as worn by Thesiger. He didn’t 
wear undergarments and neither did I. But 
chafing aside, the trek across the Empty Quarter 
of Oman was the most enjoyable thing I’ve ever 
done because it was a lifelong ambition.” 

The then 40-year-old’s rapid adjustment to the 
challenging environment shouldn't really have 
come as a surprise, considering his varied, 
outdoorsy early years. “I spent all my summers 
in Canada at the cabin my late grandfather 
handbuilt ona lake. It was an idyllic Swallows 
And Amazons childhood of tree houses, fishing 
and raft building. I dida degree in Latin 
American studies after spending two years 
living in the colourful continent. I loved it and 
wanted to learn more. My degree includeda 
one-year overseas programme so! went to Costa 
Rica. | would recommend Central and South 
America to anyone.” 

Astint on Castaway 2000 followed, in which 
Fogle and 35 other men, women and children 
tried to build a community on the Scottish Island 
of Taransay. It was a hotbed of disagreement, 
argument and drama but he managed to rise 
above it, becoming one of the stars of the show. “I 
applied for Castaway 2000 because I was looking 
for an excuse for adventure”, he says. “I liked the 
idea of spending a whole year marooned ona 
remote island. The experience was life changing 
in every sense. It taught me so many life skills 
that still serve me today.” 

The social experiment ended a year later and 
back in London, the TV presenting jobs came 
flooding in. But with adventuring clearly in his 
blood, Ben sought another challenge and 
decided to take part in the Marathon des Sables 
(MdS). This epic six-day race, known as the 
toughest footrace in the world, takes runners 
around 240 kilometres (150 miles) through the 
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The Race to the Pole 


required a lot of hard work 
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Sahara Desert. Those taking part have to 
contend with scorching heat, terrible blisters 
and sand storms. Despite this, Ben managed to 
finish the race in less than 60 hours. “Anyone 
who has raced the MdS will know there are 
points when you want to give up, but it’s not so 
easy in the middle of the Sahara”, he explains. 
“You can't just jump ona bus.” 

Having conquered the Sahara Desert, two 
years later Ben entered the epic Atlantic Rowing 
Race with former Olympic rower James 








Cracknell. The pair crossed the 4,717 kilometres 
(2,931 miles) in 49 days, 19 hours and eight 
minutes, finishing second overall in the pairs 
classification. “I was looking for a challenge to 
make me stronger”, he says. “I applied for the 
Atlantic Rowing Race and then set about 
finding myself a rowing partner. We spent a 
year getting ready for it. It was a gruelling 
experience, we capsized and nearly drowned 
but, as they say, what doesn’t kill you makes 
you stronger.” 






The conservationist 


While in South America, Ben 
Fogle worked on a turtle 
conservation project on the 
Mosquito Coast of Honduras, 
as well as volunteering in an 
Ecuadorian orphanage. 


Famous mum 


His mother is actress Julia 
Foster, best known for roles 
in Alfie, The Loneliness Of 
The Long Distance Runner 
and Half A Sixpence, among 
many others. 


The driver 


Fogle is a man of many 
talents, certified to skipper a 
variety of boats, yachts and 
dinghies as well as holding 
licenses for SCUBA diving 
and rally driving. 


The boxer Famous dad 


He took on and beat 
EastEnders’ Sid Owen ina 
charity boxing match in aid 
of Sport Relief back in 
2004. He trained for six 
weeks for the fight. 


Bruce Fogle, is also 


as a veterinarian. 


The Marathon des Sables was created by Patrick Bauer, who crossed the Sahara in 12 days 
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Not content with rowing all the way across the 
second biggest ocean on the planet, the harsh 
Antarctic was Fogle’s next challenge, once again 
teaming up with James Cracknell to take on the 
Race To The Pole, a team event that transports 
competitors to the southernmost tip of the 
planet. “Antarctica is the coldest, driest, 
windiest place on Earth,” Fogle recalls. “It’sa 
desolate, tough, unforgiving environment. We 
trained in Norway with the Marines and ona 
Swiss glacier with personal trainer Bernie 


Shrosbree. We had to bulk up before the race and 
take 5,000 calories of food per day for the race 
itself. The kit is essential to survival and we took 
advice from people who had previously trekked 
in Antarctica. The most important thing to 
remember is never sweat. Sweat and you die. It’s 
difficult to race and not sweat.” 

In recent years there’s been no avoiding a spot 
of perspiration, as his series Extreme Dreams 
took him to the jungles and mountains of South 
America and Africa, and his latest show Storm 







Cityinvestigates the effects of our planet’s 
extreme weather. “One of the hardest things I 
have to face on my trips is disease and poverty”, 
he says. “I still hate to see suffering in the world. 
It makes me feel guilty for what I have. Having 
said that, my job allows me to explore the world 
and meet incredible people.” 

As someone who's visited most of the hostile 
places on Earth, there aren’t many options left 
for his next extreme expedition, but he’s gota 
spot in mind. “The Moon. Watch this space.” 
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Ben’s father, Canadian-born 


something of a celebrity, 
hosting many TV and radio 
shows in Britain in his role 


© Alamy; Ed Crooks; Thinkstock 













yclone vs anticyclone 


—— 
What causes these spinning systems of air and how do they differ? 3 








Cyclones and anticyclones are 
generated when areas of high and low 
J air pressure collide. These are created 
by differences in temperature and humidity. 
Air temperature affects the molecules’ kinetic 
4 energy. The higher the temperature, the more 
the molecules move and collide. Humidity, on 
_ the other hand, affects the air itself. The 
atmosphere’s main constituents - diatomic 
: oxygen and nitrogen - are heavy compared to 
water vapour. The water in humid air replaces 
some of the heavier molecules, making it lighter 
than dry air, and therefore of a lower pressure. 
"+« An anticyclone is a region of high 
atmospheric pressure. The air descends 
through the system, spreading out sideways as 
:. . it makes contact with the ground. The 


=- of compressed air causes a rise in temperature - 
> } hence why anticyclones are associated with 
of = summer weather and dry winter days. 
“ . ™ Incontrast,a cyclone is centred arounda 
ae =region of low pressure. Inward spinning winds 
+ “ =| , : Phaee 
draw air upwards into the system — as it rises, 


< ‘ water vapour cools and condenses, resulting in 
m cloudy weather and storms. ® 
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afloods 






Epic floods shaped our world but could they happen again today? 


North-west America hosts some of 

the strangest and most spectacular 

2 landforms on our planet. Scarred into 
the black rock are giant channels carved out by 
water — the largest is the Grand Coulee in 
Washington at 97 kilometres (60 miles) long. 

In 1922, geologist J Harlen Bretz began 
investigating how these channels formed. He 
initially attributed them to the slow action of 
rivers, but the more he looked into it, the more 
unusual landforms he discovered. Among them 
were piles of gravel some ten storeys high and 
hills shaped like boat prows. 

These gargantuan features were best 
explained by water tearing through the 
landscape - an unimaginably massive 
megaflood. The prow-shaped hills pointed in 
the direction of flow, while the gravel was 
dropped when the floodwaters receded. 

Bretz tracked the source of this colossal 
torrent — possibly the largest flood in history - to 
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the glacial Lake Missoula. During the last ice 
age, this lake formed behind a 610-metre 
(2,000-foot)-tall wall of ice. When this dam 
failed, around 15,000 years ago, the lake 
emptied in just 48 hours and the waters carved 
the Grand Coulee. They left ripples, like those 
onastreambed, but a monstrous nine metres 
(30 feet) high. The process would repeat itself 
over the next 2,000 years, carving out more 
colossal landmarks in North America. 

Lake Missoula might be the biggest known 
megaflood, but it’s by no means the only one. 
Indeed, during the last 1.8 million years, at least 
27 gigantic freshwater floods have shaped our 
planet, carrying more than 100,000 cubic 
metres (3.5 million cubic feet) of water every 
second - equivalent to over 30 Niagara Falls! 

We know less about giant floods from further 
back in Earth’s history. “As you go back in time, 
you don’t have the landforms preserved,” says 
ice-age geologist Professor Philip Gibbard. 


Water escaping from natural dams or glaciers 
is responsible for many of the biggest floods, 
including Lake Missoula. Gibbard continues: 
“You get substantial flooding ifa major dam 
floods and releases water.” 

Among them is the megaflood that turned 
Britain into an island around 450,000 to 200,000 
years ago, when sea levels were lower than 
today. A gigantic lake formed in what is today’s 
North Sea behind a chalk ridge that once 
connected Britain to France by land. When the 
lake punched through the natural dam, 
floodwaters gouged a huge valley into the 
English Channel seabed (see the thermal 
imagery on the opposite page). 

Other massive floods occurred when sea 
levels rose after an arid spell. For instance, 
around 5.3 million years ago, Atlantic waters 
spilled into the dried-up Mediterranean; the 
ocean eroded a channel through the Strait of 
Gibraltar, filling the sea in as little as two years. 


Maeslant Barrier 


Earth’s largest movable storm 
surge barrier defends 
Netherlands’ Rotterdam from 
floods. It spans a waterway 
360m (1,200ft) across - as 
wide as the Eiffel Tower is tall. 


Thames Barrier 


This movable flood barrier is 
one of Earth’s biggest and 
protects London against the 
North Sea. When raised, each 
of its ten steel gates is the 
height of a five-storey building. 


St Petersburg Dam 


The gigantic barrier includes 
11 dams and is topped by a 
six-lane motorway. It was 
completed in 2011 after 300 
years of almost yearly floods 


in the former Russian capital. 


West Closure Complex 


The world’s biggest pump 
station - designed to blast 
floodwaters back out to sea 

- is among £8.5bn ($14bn) of 
works to protect New Orleans 
from future hurricanes. 


Water world 


What role have ancient floods played in 
forming the planet we know today? Present day 


Humans build on 
flood plains, dam 





Dinosaur graveyard Sea level rise rivers andichon 
Ancient floods drowned Rising sea levels dewinrtreass 
prehistoric species, creating caused saltwater to increasing the 
fossil sources, such as flood into marine risk of floods. 
76-million-year-old dinosaur basins, such as the 
wre bones in western Canada. Mediterranean. 
ae 
Prehistoric floods ¥ 
Floods occur anywhere 
there is water. When 
floodwaters retreat, 
nutrient-rich sediments Ice ages 
are often left behind. Ancient sediments Sea levels fell during ice 
Evidence of prehistoric ages. The ice formed 
megafloods includes mineral natural dams across 
deposits - such as rivers, which collapsed 
microscopic zircon grains - to cause megafloods. 


dropped far downstream 
from their source. 
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Delta Works 


Described by some as a 
‘wonder of the world’, this 
huge series of 300 dams, 
sluices and storm surge 
barriers protects the low-lying 
Netherlands from the sea. 
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Megafloods 


Megafloods can also have a massive impact 
on the climate. The Lake Agassiz flood, for 
example, is blamed for a cold spell12,900 years 
ago that sent North America’s large mammals, 
like the woolly mammoth, extinct. Floodwaters 
poured into the North Atlantic, interfering with 
the ocean circulation that brings warm water to 
the poles, known as the Gulf Stream. 

Fortunately floods as large as Lake Agassiz or 
Missoula are unlikely to happen today. The 
biggest deluges were associated with giant ice 
sheets that swathed the northern hemisphere 
during the last ice ages. The ice released 
torrents of meltwater and trapped huge lakes 
behind ice dams, which gradually succumbed 
to global warming. Only the Greenland and 
Antarctic ice sheets, and a few ice caps, remain. 


Focus on flash floods 


In August 1997, an Arizona desert canyon 
became a death trap for 11 hikers when they 
were caught out by a flash flood. A sudden 
thunderstorm quickly filled the narrow walls with 
tumbling water and they had nowhere to escape. 
Flash floods occur within a few hours of 
violent rainfall. Although hard to believe, they are 
common in deserts, which lack the soil to soak 
up incoming rain. Water hurtles downhill over 
bare rock, rapidly turning creeks kilometres from 
the storm into raging rivers. 
Desert plants like blue palo verde 
depend on flash floods for survival; the 
fast-moving water disperses seeds 
downstream and abrades their 
hard coating, helping 
them to germinate. 


4. River rises 
The waters rise 
dramatically, often 
within two hours of 
the start of the storm. 
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5. Banks burst 
Unable to 
accommodate the 
, deluge, the river 
abruptly bursts its 
banks and gushes 














But that doesn’t count megafloods out 
altogether. Among the 27 known big freshwater 
floods in the last 1.8 million years, eight 
occurred after 1900. According to Gibbard: “We 
could experience a megaflood today. Look no 
further than Iceland where we see jokulhlaup.” 

Jékulhlaup, or glacier bursts, occur whena 
volcano erupts under an ice cap, such as the 
1996 Vatnajékull eruption in south-east Iceland. 
A torrent of meltwater flooded from beneath the 
ice, wiping out anything that stood in its way, 
including bridges, roads and power lines. It’s 
estimated that peak flows reached 50,000 cubic 
metres (1.8 million cubic feet) of water per 
second in this massive jékulhlaup. 

Another cause of giant floods, says Gibbard, is 
where “you have a volcanic lake, and the 


*_ 6. Flooded out 
"== The thundering 

_____ waters can sweep 

= away anything in their 
~ path, turning roads 

a into rivers and turning 

, a buildings into islands. 
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-<# 3. Steep valley 
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volcano erupts and breaches the barrier 
holding the water in the crater. You can geta 
deadly mudflow, sweeping away everything in 
its path.” An example is Lake Taupo, New 
Zealand's largest lake, which flooded during an 
eruption some 1,800 years ago. 

Debris from volcanoes can also block rivers. 
An eruption in Mount St Helens about 2,500 
years ago caused Spirit Lake to empty 
catastrophically. More than 260,000 cubic 
metres (9.2 million cubic feet) of water per 
second flooded downstream. This was like a 
bathtub overflowing by comparison to Lake 
Missoula, though, which emptied at an 
incomprehensible 17 million cubic metres (600 
million cubic feet) per second. Similar floods 
would have been likely after the 1980 eruption 


1. Heavy rain 

A torrential rainstorm is 
triggered by air rising and 
cooling over high ground. 
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- 2. Waterlogging 
Rain falls too fast to soak 
.. up because the ground is 
A - waterlogged, baked hard 
* or impermeable rock. 
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» The excess water 


slopes into the river, 


The walls of Antelope 
Canyon, AZ, have been 
shaped by repeated 
flash floods 








DD YOUR Floods are the deadliest natural disaster, responsible for an estimated 500,000 deaths between 1980 and 2009 


of Mount St Helen’s if mitigation measures 
weren't undertaken and the lake had not been 
drained via a pipeline. 

So how do these megafloods compare to more 
common flooding events, like we’ve seen in 
recent months? “They’re orders of magnitude 
greater,” explains Gibbard: “We're talking stuff 
that’s incredibly dramatic. Much larger scale 
than conventional flooding of rivers.” 

Rivers bursting their banks are the most 
common cause of flooding today. Excessive rain 
or rapid snowmelt can overfill a river channel, 
causing water to spill out over low-lying land. 
Waterlogged or parched soil can also cause 
water levels to rise rapidly. Even a little rainfall 
cannot be soaked up by the ground so rush 
straight into the river, causing a flood. 





BecWelt-laven (exsmel-lanmaelovaelaiaemelave(=)aiua(-MuVcl(elal mes 


Human activity - such as building hard 
tarmac roads — is making river flooding even 
worse, warns Gibbard. “The inevitable 
consequence of covering the landscape with 
impermeable materials is like wrapping itina 
polythene bag. [More and more] water runs 
straight into our rivers.” 

With sea levels predicted to rise dramatically 
this century - and climate change likely to 
boost storm power and frequency - the risk of 
coastal flooding is also on the rise. 

Coastal flooding occurs when a storm blows 
seawater inland or when a tsunami -a giant 
wave usually generated by an oceanic 
earthquake - hits the shore. 

The big question is, can we predict future 
megafloods? “Not easily,” says Gibbard. “We 


Lake Missoula is responsible for the megaflood 
| that carved out the Grand Coulee (inset) 


Flood-prone places 
around the globe 

1 India 

2 Bangladesh 

3 Guangzhou, China 

4 New Orleans, USA 

5 The Netherlands 

6 Ho Chi Minh City, Vietnam 










know volcanoes erupt under ice caps in Iceland. 
People are trying to predict volcanic activity, 
but we’re not there yet.” 

The next ‘megaflood’ might come froma 
man-made dam rupturing during an 
earthquake. Gibbard explains, “Anywhere 
where water is stored on less-than-firm ground 
might go. The sheer height of water behind 
those barrages must be enormous.” 

It’s a real risk. Out of 85,000 American dams, 
over 4,400 are considered liable to failure. 
Among them is the Lake Isabella Dam in 
California. A strong earthquake could send 
around 700 million cubic metres (2.5 billion 
cubic feet) of water tumbling downriver. For 
now though the best we can do is never to 
underestimate the mighty power of water. ® 
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How we defend 
against floods 


An estimated 37 per cent of the world’s population 
live within 100 kilometres (62 miles) of the coast 

- many in major cities like London, New York and 
Tokyo. They are at risk of flooding from unusually 
high tides and storm surges. 

Many cities protect themselves from this threat 
with hi-tech barriers, dams or sluice gates. For 
example, the Thames Barrier downstream of 
London is a set of gates that lie flat on the riverbed 
when open. The gates rotate upright when a storm 
surge heads inland from the North Sea, or heavy 
rainfall raises the river level of the Thames enough 
that normal tides will cause flooding. Each gate can 
hold back 90,000 tons of water. 

Other flood defence systems have permanent 
dams with sliding sluice gates to control water flow. 
The Oosterscheldedam in the Netherlands - the 
largest tidal barrier on Earth - is nine kilometres (5.6 
miles) long and has 62 colossal gates; these raise to 
make the structure watertight. 

New Orleans was flooded in Hurricane Katrina in 
2005 - one of the deadliest storms in US history. 
Much of the city lies below sea level and depends 
on man-made embankments to keep out water. 
During the hurricane, these levees broke. The US 
Army is renovating the levees and building new 
defences, including a pumping station able to pump 
540 cubic metres (19,000 cubic feet) of rainwater 
every second - enough to empty an Olympic-sized 
swimming pool in five seconds. 
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What caus 
drought? 


How a slight shift in wind patterns 
can have terrible consequences 
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| Drought 








) Forareas that rely on regular rainfall to 
nourish vegetation, animals anda large 
J human population, drought can be 
devastating, but in other parts of the world, hot, 
dry weather is a normal everyday occurrence. 
These arid climate conditions are caused by 
circulatory patterns of air inthe Earth’s 
atmosphere, known as Hadley cells. 

In this weather system, intense exposure to 
sunlight at the equator causes warm, moist air to 
rise. As the air rises, it cools again, forming a 
low-pressure system that results in regular 









thunderstorms across the region. Above these 
storms, the jet stream - a current that flows 
through Earth’s upper atmosphere - carries the air 
towards higher latitudes until it eventually 
descends over the tropics to the north and south of 
the equator. As it falls, it creates a high-pressure 
system that is responsible for the arid conditions 
of the Sahara and other deserts that populate this 
particular region. 

Slight changes in this movement of air can 
result in unusual - and sometimes catastrophic - 
weather activity, such as flooding and drought. For 


Convergence and divergence 


How the movement of wind creates wet and dry weather 


Descending air 
The void left by the 
diverging air at the 
surface is filled by warm 


air sinking from above. 
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High pressure 
The descending air 
creates a high-pressure 
system, bringing with it 
clear, dry weather. 


Ascending air 
As the converging 
air has nowhere else 
to go, it rises, 
causing it to cool. 





Diverging winds 
When the wind blows 

two masses of air 
away from each other 
they rotate outwards, 
or diverge. 
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Drought occurs when an 
extended period of high 
pressure brings very little rain 


example, ifthe air that normally descends over the 
tropics in the Northern Hemisphere is carried 
further north by the jet stream, it can bring 
extended periods of high pressure to Europe. This 
can cause precipitation levels to fall below the 
expected average for the region, resultingina 
period of non-seasonal drought. 

Despite using advanced weather prediction 
models, experts are still only able to forecast 
drought when it is less than a month away, making 
it hard for countries to be prepared. If not, the 
impact can be extremely severe. 


Low pressure 
The rising air creates a 
low-pressure system 
and condenses to form 
clouds that create rain. 








Converging 
winds 

When the wind 
blows two masses 
of air towards 
each other they 
rotate inwards, 

or converge. 
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Is theresuch a thing 


Ste , Fishermen who make their livia sir these Beattet systems usuallyformbetween Northwest Pacific they’re known as typhoons; and 






CE the waves, battling everything the Pacific June and November, and need to reach 120 in the South Pacific and Indian Ocean the weather Y 
~ = Ocean-has to throw at them, will tell you kilometres per hour or more to be classified as a system is termed a cyclone. 
that this is one of the cruellestoceanstobefound hurricane, typhoon or cyclone. Hurricanes can travel huge distances across 
on Earth. These three terms describe thesameevent,and oceans, spinning anti-clockwise when in the 
Jats i olomaqe)oycer-V massa (eyendet-lmiebjeysmelend ents the distinction just depends on where the origin \\Co) gd ol=y@eWul=veedhsjo)elcvacm-belomel(olelanisti-pbemsel= 
meteorological frenzy and creates the mother of of the storm is located. In the Atlantic and Southern Hemisphere, fed by the warm 
all storms: hurricanes. Fed by very warm, moist Northeast Pacific the storms are hurricanes; inthe conditions of the tropics. ¥ 








Cloud formation Warm air continues to rise and cool 





Air sucked inwards to updraft , Clouds begin to spin 
|__| |_| “ 
alelamieclita for mation How the vast, swirling storms begin life at sea Warm, moist air rises in bands 
| 
ja 
« %§ Cloud formation Rotation begins Mature storm 
S Over warm, tropical waters, seawater begins to a Mat=myc<ld antes] exexe)aldiale(=smnom ai\-Mmerele) i=] ale m<10 [el AYsVFeTeaaPaanle)icimrsl | amexe)aialale(-\omnem aiciomicelanmual-melerst-| 9 
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a highly visible discharge of 


: _ / \ a ; 
g Capable of breaking down the 
resistance of air, lightning is 

electricity capable of great 

, levéls of destruction. But 
wf how is it formed? 
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_ Lightning occurs when a region of cloud 
attains an excess electrical charge, either 

Sie positive or negative, that is powerful 
enough to break down the resistance of the 
surrounding air. This process is typically initiated by 
a preliminary breakdown within the cloud between 
its high top region of positive charge, large central 
region of negative charge and its smaller lower 
region of positive charge. 


The different charges in the cloud are caused 
when water droplets are supercooled within it to 
freezing temperatures and then collide with ice 
crystals. This process causes a slight positive charge 
to be transferred to the smaller ice crystal particles 
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and a negative one to the larger ice-water mixture, 
with the former rising to the top on updrafts and the 
latter falling to the bottom under the effect of gravity. 
The consequence of this is gradual charge 
separation between the upper and lower parts of 
the cloud. 

This polarisation of charges forms a channel of 
partially ionised air -ionised air is that in which 
neutral atoms and molecules are converted to 
electrically charged ones - through which an initial 
lightning stoke (referred to as a ‘stepped leader’) 
propagates down through towards the ground. As 
the stepped leader reaches the Earth, an upwards 
connecting discharge of the opposing polarity 


Solecvalyenelolmevaelcimeyare)lesballenes-ban(@(as 
can help generate lightning. 


meets it and completes the connection, generating a 
return stroke that due to the channel now being the 
path of least resistance, returns up through it to the 
cloud at one-third the speed of light and creatinga 
large flash. 

This leader-return stroke sequence down and up 
the ionised channel through the air commonly 
occurs three or four times per strike, faster than the 
human eye is capable of perceiving. Further, due to 
the massive potential difference between charge 
areas — often extending from ten to 100 million volts 
—the return stroke can hold currents up to 30,000 
amperes and reach 30,000°C. Typically the leader 
stroke reaches the ground in ten milliseconds and 
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Technicolour 


The super-rare ball lightning 
can materialise in different 
colours, ranging from blue 
through yellow and on to red. It 
is also typically accompanied 
by a loud hissing sound. 


Explaining the 


formation of lightning 














Flashmaster 


From satellite data, scientists 
postulate that there are 
roughly 1.4 billion lightning 
flashes a year. 75 per cent of 
these flashes are either cloud- 
to-cloud or intra-cloud. 


Fawksio 


In 1769 in Brescia, Italy, 
lightning struck the Church of 
St Nazaire, igniting 100 tons of 
gunpowder in its vaults. The 
explosion killed 3,000 and 
destroyed a sixth of the city. 


Harvest 


Since 1980 lightning has been 
looked at by energy companies 
as a possible source of energy, 
with numerous research 
projects launched to 
investigate its potential. 


Zeus 


The ancient Greeks believed 
that lightning was the product 
of the all-powerful deity, 
weather controller and sky 
god Zeus. His weapon for 
smiting was the lightning bolt. 


Cloud-to-cloud 

Cloud-to-cloud lightning discharges occur 
between polarised areas of differing charge, 
however here the ionised channel runs between 
clouds instead of a cloud to the ground. 


Cloud-to-air 

Similar to cloud-to-cloud, cloud-to-air strikes 
tend to emanate from the top-most area of a 
cloud that is positively charged, discharging 
through an ionised channel directly into the air. 
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Cloud-to-ground lightning occurs when a channel of 
partially ionised air is created between areas of 
positive and negative charges, causing a lightning 
stroke to propagate downward to the ground. 


the return stroke reaches the instigating cloud in 
100 microseconds. 

Lightning, however, does not just occur between 
clouds (typically cumulonimbus or stratiform) and 
the ground, but also between separate clouds and 
even intra-cloud. In fact, 75 per cent ofall lightning 
strikes worldwide are cloud-to-cloud or intra-cloud, 
with discharge channels forming between areas of 
positive and negative charges between and within 
them. In addition, much lightning occurs many 
miles above the Earth in its upper atmosphere (see 
‘Atmospheric lightning’ boxout), ranging from types 
that emanate from the top of clouds, to those that 
span hundreds of miles in width. 

Interestingly, despite the high frequency of 
lightning strikes and their large amount of 
contained energy, current efforts by the scientific 
community to harvest its power have been fruitless. 
This is mainly caused by the inability of modern 
technology to receive and store such a large 
quantity of energy in sucha short period of time, as 
each strike discharges in mere milliseconds. Other 
issues preventing lightning’s use as an energy 
source include its sporadic nature - which while 
perfectly capable of striking the same place twice, 
rarely does -and the difficulties involved in 
converting high-voltage electrical power delivered 
by astrike into low-voltage power that can be stored 
and used commercially. 





Intra-cloud lightning is the most frequent type 
worldwide and occurs between areas of differing 
electrical potential within a single cloud. It is responsible 
for most aeroplane-related lightning disasters. 


Clouds with lightning-generating potential tend to consist of 
three layers of charge, with the top-most part a centre of 
positive charge, the middle a centre of negative charge, and 
the bottom a secondary small centre of positive charge. 


“Due to the massive potential difference 
between charge areas the return stroke 
con hold currents up to 30,000 amperes 
ond reach 30,000°C” 


Atmospheric lightning 


Unseen apart from by satellites, a major part of the world’s annual 
lightning is generated in Earth's upper atmosphere 


— Elves 
% Vast 250-mile wide flattened discs of light, elves 
occur above low-lying thunderstorms. They are 
caused by the excitation of nitrogen molecules 
due to electron collisions in the atmosphere. 


100— Thermosphere 


Mesosphere 


<————— Sprites 
Sprites are caused by the discharges of positive 
Jhfedoluadbatepaceyeommorbnele(syqel(olb(otcnronmelcyeacelenelen 
Theyvary in colour from red to blue and appear 
akin to large jellyfish. 
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: Stratosphere 


Blue jets 

)saentcbatcluvercpece sens elcncejexevaesvenlblloyeveeelejers 
clouds and stretching in a cone shape up into 
the stratosphere and mesosphere, blue jets are 
caused by intense hail activity within astorm. 


Altitude (km) 
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10— Troposphere 
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Lightning types 


Far from uniform, lightning is an 
unpredictable phenomenon 
Bead lightning 


Atype of cloud-to-ground lightning where the strike 
seems to break up into smaller, super-bright sections (the 
beads), lasting longer than a standard discharge channel. 





Frequency: Rare 


Ribbon lightning 

Only occurring in storms with high cross winds and 
multiple return strokes, ribbon lightning occurs when 
each subsequent stroke is blown to the side of the last, 
causing a visual ribbon effect. 


Frequency: Quite rare 


Staccato 
lightning 

A heavily branched 
cloud-to-ground 
lightning strike with 
short duration stroke and J 
incredibly bright flash. | 


© Scotto Bear 


Frequency: Common 


Sheet lightning 
Agenericterm used to describe 
types of cloud-to-cloud 
lightning where the discharge 
path of the strike is hidden from 
view, causing a diffuse 
brightening of the surrounding 
clouds ina sheet of light. 
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Frequency: Common 


Megalightning 

Aterm commonly used when referring to upper- 
atmospheric types of lightning. These include sprites, blue 
jets and elves (see ‘Atmospheric lightning’ boxout) and 
occur in the stratosphere, mesosphere and thermosphere. 


Frequency: Frequent 


Ball lightning 

Considered as purely hypothetical by meteorologists, ball 
lightning is a highly luminous, spherical discharge that 
according to few eyewitnesses last multiple seconds and 
can move on the wind. 


Frequency: Very rare 
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hotspots 


A look at some of the most dangerous 
places to be when lightning strikes 





Multiple strikes 

The Empire State Building is 
struck 24 times per year on 
average. It was once struck 
eight times in 24 minutes. 


Danger zone 

Ten per cent of all people 
struck by lightning were 
in Florida at the time. 








Z <— 
70% OF GLOBAL g ! 
LIGHTNING OCCURS 


IN THE TROPICS 


Global 
hotspot 

The small village of 
Kifuka is the most 
struck place on 
Earth, with 158 
strikes per square 
kilometre per year. 






Flashes 
Above the Catatumbo River in 
Venezuela lightning flashes 
several times per minute 160 
nights of the year. 


just two months from retirement’ 


‘What are the chances? 


The odds of being hit by lightning aren't as slim as you think... 
Lin , 
3,000,000 » / 


The chance of you getting struck 
by lightning is one in 3 million. 
Which, while seeming quite 
unlikely, did not stop US park 
ranger Roy Sullivan from being 
struck a world record seven times 
during his lifetime. 





2. Back To The Future 


Protagonist Marty McFly travels back in 
time in Doc Brown’s time travelling, 
lightning-inducing DeLorean, in order to 
ensure his parents hook-up and 
guarantee his own existence. 


1. Percy Jackson & 

The Lightning Thief 

A film in which Percy ‘Perseus’ Jackson, son 
of Poseidon, must fight mythological beasts 
and travel to Hades to retrieve Zeus’ stolen 
lightning bolt in order to prevent a war. 


3. Highlander 


An immortal Scottish swordsman must 
confront his last two rivals in order to win 
the fabled ‘Prize’. Of course, each time a 
foe is vanquished his power is absorbed 
in a lightning strike. 





-cloud lightning streaks 
ss the Masai Mara Game 
Reserve in Kenya, Africa 
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Singapore strikes! 


a 
See | 


Deadly 

In July 2007, 30 people 

were killed by lightning 

in the remote village of 
i Ushari Dara in 


ts northwestern Pakistan. 


] i _| 


Singapore has one of the world’s highest 


rates of lightning activity. 


In compartson... 


1 in 14,000,000 


WWalexelat-belecxeyanvanenennets 
the lottery in the UKis one 
in14 million. That is over 
fourandahalftimesas 


unlikely as being struck. 


1 in 12,000,000 
sWolcmere(olsnejacxcunabercmevimenys 
lightning likelier when in 
iden Ol G@ualcxel ete baloney mehvaners 
from Mad Cow Disease is 
one in12 million. 


1 in 11,000,000 


Flying on asingle-trip 
commercial air flight 
bOvINCCESAVOLUEKOy- Ke)el-prewel 
million chance of being 
killed in an accident. 


1in 8,000 

In order to get better 
odds, go out in your car. 
Over 3,000 people are 
killed every day on 
roads worldwide. 





© Science Photo Library 


What happens when you 
get struck by lightning? 


The parts of the body that feel the effect if struck by lightning 


Whena humanis hit by lightning, part of 
the strike’s charge flows over the skin - 
referred to as external flashover - and part 
of it goes through them internally. The 
more of the strike that flows through, the 
more internal damage it causes. The most 
common organ affected is the heart, with 
the majority of people who die froma 
strike doing so from cardiac arrest. Deep 
tissue destruction along the current path 
can also occur, most notably at the 
entrance and exit points of the strike on 
the body. Lightning also causes its victims 
to physically jump, which is caused by the 
charge contracting the muscles in the 
body instantaneously. 

Burns are the most visible effect of 
being struck by lightning, with the 
electrical charge heating up any objects in 
contact with the skin to incredible levels, 
causing them to melt and bond with the 
human’s skin. Interestingly, however, 
unlike industrial electrical shocks -which 
can last hundreds of milliseconds and 
tend to cause widespread burns over the 
body -lightning-induced burns tend to be 
centred more around the point of contact, 
with avictim’s head, neck and shoulders 
most affected. 

Post-strike side-effects of being 
struck by lightning range from 
amnesia, seizures, motor control 
damage, hearing loss and tinnitus, 
through blindness, sleep disorders, 
headaches, confusion, tingling and 
numbness. Further, these symptoms do 
not always develop instantaneously, with 
many - notably neuropsychiatric 
problems (vision and hearing) - 
developing over time. 
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Audio visual 
Eyes and ears are 
commonly affected 
by a strike, with 
hearing loss, tinnitus 
and blindness 
common. Many of 
these 
neuropsychiatric 
problems develop 
over time. 


Muscles } 
Muscles ; 

contract | 
instantly on wd 


strike, causing - 
the victim to 

jump and suffer 
muscular 

seizures. 


Body tissue 
Deep tissue 
destruction is 
common along 
the current path, 
which courses 
through the 
body from 
cranium to feet. 





Organs 

Organ failure is 
also statistically 
probable. Death by 
cardiac or 
cardiopulmonary 
arrest is the 

main source of 
death for lightning 
strike victims. 


Skin 

When struck 
a portion of 

. the strike’s 
. charge flows 
over the skin, 
while the rest 
flows through 
the body 
internally. 
Skin burns 
and hair loss 
are common 
side effects 
as well as the 


worn fabrics. 


i bonding of 


Nervous 
system 

Motor control 
damage is common, 
often permanently 
affecting muscle 
and limb movement, 
neural circuitry and 
motor planning and 
execution decisions. 
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Dry heatwaves 
Occurring in continental or 
Mediterranean regions, dry 
heatwaves are linked to clear 
skies and high solar radiation, 
as well as windy conditions, 


which can increase stress at 
excessive heat levels. : 


SECIEERTEREE If you can't stand the heat... the Met Office 
Dire ee suggests you stay indoors 


© Thinkstock 
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the day with nighttime cloud 
eee ee nee & Although, according to Met Office meteorologist John “Temperatures have exceeded 30°C in the UK,” he explains, “[but 
heatwaves are mostly found in Hammond, there’s no official definition of a heatwave, around] Europe and the world, weather conditions can bring 
Hissesonied doles an ® these hot-weather phenomena take their toll not only temperatures exceeding 40°C. This has happened in 
ona population’s health, but also business and infrastructure - Mediterranean regions, the Middle East and Australia among 
such as power, water and transport. A heatwave is a period other areas.” 
of unusually hot or humid weather that lasts at least two or Heatwaves are relative to an area’s climate — temperatures that 
three days - and remaining hot throughout the nights - that would constitute a heatwave in one area might not in another 
affects large areas. Heatwaves are caused bya system of location - and the health effects on the individual are also relative 
higher atmospheric pressure, whereby air from upper levels to a range of risk factors. People adapt and become accustomed to 
, of the atmosphere descends and rotates out. As it descends, their long-term temperature patterns, making a heatwave a 
ase Sane effect it compresses, increasing the temperature. The outward relative experience. 
Svea flow, meanwhile, makes it difficult for other systems to enter The Met Office Heat Health Watch is a warning system that 
microclimate known as the heat the area, and the large size and slowspeed of the hot air issues alerts — levels 1-4-ifa heatwave is imminent. “[We] can 
Bend Guess [ee lesbians causes the heatwave to remain for days or even weeks. The identify weather patterns that might bring hot temperatures to 
during a heatwave tend to be : ; ; : 
WORE DEice the Gino REStic lack of clouds means that an affected area is struck with the UK several days in advance,” explains Hammond. “When 
stored in the tarmac of roads strong sunlight. high temperatures are expected, detailed advice will go to the 


and cement of buildings and is 
unable to escape until the night. 


Hammond reveals that the hottest temperatures in the UK are relevant health organisations, so they can inform people affected 
likely to be over parts of centralandsouthern England,awayfrom bythe heat. Met Office forecasts on TV, radio, newspapers and 
immediate coastal areas, which are cooled by sea breezes. online will also provide temperature forecasts for the public.” 



















20°C 68°F 25°C 77 


\ 


30°C 86°F 





} | 
owe x ; State: 
How rising ft State: _ State: SS Mildly 
temperatures can Normal _ | Still normal \ uncomfortable ~ 
affect you r body Heart rate normal, \ Heart rate normal, body Moderate sweating keeps body cool \ 
body comfortable sweats slightly when it evaporates from our skin, 


but concentration is reduced 





048 





Power outage Hyperthermia Hottest recorded temp 
Heatwaves threaten resources Unlike hypothermia (core John Hammond informed 
due to increased water and temperature drop), us that the highest recorded 


temperature in the world 
was a whopping 58°C in 
Libya back on 13 September 
1922. Scorchio! 


hyperthermia is a condition 
caused by heat stroke 
whereby you absorb more 
heat than can dissipate. 


electricity consumption. For 
example, power outages have 
been known to occur due to 
increased use of air conditioning. 





Sunny side up 


Meltdown 


Roads melted in England in 
July 2006 when temperatures 
reached 37°C (official 
heatwave conditions as the 
average max temp for that 
week is usually 21-23°C). 


The Met Office records show 
that in terms of average 
annual sunshine, the sunniest 
place on the planet is Yuma, 
Arizona, which enjoys 4,300 
hours each year. 


In the UK's heatwave of 1967, penguins from Chessington Zoo went to the local ice rink to cool off 


Australia heatwave 
breaks records 


This map of Australia captured by NASA’s Moderate-Resolution Imaging Spectroradiometer (MODIS) compares 
January-February 2009's average land temperature with previous years. Red areas are warmer than previously 
while blue areas are cooler. The darker the colour the more extreme the temperature change. Really dark red or 
dark blue areas reveal where the difference in temperature is 10°C higher or lower than previously. 

The abnormally hot temperatures here - the highest recorded being 48.8°C in Hopetoun, Victoria -indicatea 
severe heatwave. Slow-moving high pressure lingered over the Tasman Sea and conditions conspired to cause 
hot tropical air to blow across south-east Australia. The extreme heat worsened the country’s already- 
dangerous bushfire season, and led to the Black Saturday bushfires, which caused the deaths of 173 people on 
Saturday 7 February, also destroying homes and towns in the process. 

South-east Australia’s January heatwave set the record for Melbourne’s highest recorded temperature ofa 
blistering 46.4°C according to the Bureau of Meteorology in Melbourne. 
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The north The south 5 3 
While the south of the country sweltered, some Melbourne had the . 
northern areas experienced cooler than normal greatest temperature oe 
temperatures - perhaps due to above-average change compared 

rainfall during the rainy season. with normal. 























40°C 104°F 








35°C 95°F 
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State: . 2 





) | Zz State: \ 
ald Heat > —s Heat —. . 
—_e cramp | SS Oe exhaustion WN 
Heart rate and sweating \\ “4 _ Heart rate becomes rapid, the 
increase, body loses water and salts i f body feels tired and nauseous and 


causing muscles to ache sweating becomes heavier 





© NASA 


45°C 113°F 








The Met Office’s 
Patrick Sachon, 
Health Service 
Development 
Manager gives 
his advice on 
heat health 


At what temperature does the body begin to notice 
negative effects from heat? 

The effects of heat on people’s health in the UK starts at 
relatively modest temperatures. Epidemiological studies have 
shown that maximum air temperatures of only 23-24°C are 
associated with excess summer mortality. 

Physiologically, when the ambient temperature is higher 
than the skin temperature, the body has to regulate its 
temperature by losing heat through sweating. At this stage if 
any other factor reduces the body’s effectiveness of sweating 
- such as dehydration, close fitting clothing or taking certain 
medications - it can cause the body to overheat. 
Acclimatisation and adaptation play an important part in how 
well people can tolerate different levels of heat. This is why 
people in somewhere like Madrid are more accustomed to 
higher temperatures than people in London. 


What is the highest temperature a human body can 
tolerate? 

There are currently no studies that we are aware of that have 
identified a maximum temperature [the body can tolerate]. As | 
say, acclimatisation and adaptation have an important part to 
play in how well people can tolerate different levels of heat. In 
England, relatively modest maximum temperatures are 
associated with excess mortality. 


Why does heat make us dehydrated? 

In order to lose heat we need to sweat, this leads to fluid loss. If 
we do not replace this fluid we can become dehydrated. One of 
the most important things to do in hot weather is to drink 
sufficient fluids, such as water or fruit juices. 


How do people living in much hotter countries than the 
UK cope with/grow accustomed to excessive the heat in 
the long term? 

Their bodies are more acclimatised to the heat and their way of 
living - the clothes they wear, the houses they live in and the 
way they live their lives - are more adapted to hot weather. 


7 i it i oe ioe To 
| I | 1] A UR: Al 
eres 








For expert advice on coping in a 
heatwave, visit www.nhs.uk. 
The Met Office at www. 
metoffice.gov.uk is also a great 
resource for weather-based news 
and information. 
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— Superstorms 











Every year around 1,200 tornadoes 
3 touch down in the USA. Most occurina 
= region nicknamed Tornado Alley, with 
Texas, Oklahoma and Kansasat its core. 

The most destructive of 2013 was the Moore 
Tornado, which touched down at 2.56pm CDT on 
20 May, near Newcastle, OK. It was on the 
ground for 40 minutes and drew a 27-kilometre 
(17-mile) path through the state, 2.1 kilometres 


(1.3 miles) across at its widest point. Wind 
speeds were in excess of 322 kilometres (200 
miles) per hour, placing the tornado in the 
highest category on the Enhanced Fujita (EF) 
Scale: EF5. Tornadoes of this class cause 
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science behind tornadoes with the power to devastate cities 


near-total devastation, levelling multistorey 
buildings, tearing homes from their very 
foundations and lifting asphalt from the roads. 

North America has unique geography, which 
provides a deadly spawning ground for storms 
and tornadoes. The Rocky Mountains extend 
from north to south along the west side of the 
continent. As wind travels over the Rockies, it 
becomes cold and loses moisture via rain and 
snow, producing cool, dry air at high altitudes. 
When this air hits warm, humid air from the 
Gulf of Mexico water vapour condenses and 
forms storm clouds. This releases huge amounts 
of energy, causing atmospheric instability. 


On 20 May 2013, severe weather warnings 
were issued for Oklahoma; a polar jet stream 
came over the Rockies into the southern Great 
Plains, and simultaneously a low-pressure 
system moved over the Upper Midwest region. 
Differences in wind speed at different altitudes 
—- known as wind shear - caused the air to spin, 
circulating in a horizontal vortex, and in 
combination with moisture and atmospheric 
instability. At 2pm CDT, this led to the 
development of a thunderstorm containing 
persistent, rotating mesocyclones. 

Mesocyclones powerful enough to generate 
tornadoes often result in hailstorms. 





Overpasses are safe 


3 TOP 
FACTS 


TORNADO MYTHS 


highway overpasses act like 


find a ditch and stay low. 


DD YOOX most tornadoes travel fram south-west to north-east and occur between 3pm and gpm 


Open windows 
It may seem a good shelter, but 


wind tunnels and increase the 
speed of the air. If you are stuck 
in your car in a tornado, get out, 


Stet eeseeeateeeaaaas 


Despite a myth that opening a 
building’s windows will alleviate 
wind pressure, it just lets wind 
and debris in, and chances are, 
the glass will smash anyway 
when the storm hits. 


LRea Pe eee eee ee 


Stand in the north 


Tornadoes often come from the 
south, but standing in the north 
of the house won't protect you 
from debris. Pick a room in the 
centre on the ground floor, 
away from any windows. 


- Outdrive the storm 


The roads will be congested 
and covered in debris, anda 
tornado can quickly change 
direction without warning. 
Even weak twisters can lift 
small cars - so don’t drive! 









Trailers are targeted 


Trailer parks are much more 
likely to be damaged by a 
tornado, but this is due to 
differences in the quality of 
construction rather than any 
natural bias to these abodes. 
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Updraughts of warm air carry water droplets 
high into the atmosphere, where they freeze 
before being carried downwards by cold 
downdraugnhts. Ifthey become caught in an 
updraught again they will refreeze, addinga 
new layer of ice. This process can repeat several 
times, generating hailstones that are the size of 
golf balls or even larger. Oklahoma was pelted 
with hail as the storm intensified. 

If there is sufficient updraught to tighten the 
central vortex of a mesocyclone it begins to 
twist, resulting in a powerful vertical column. 
The inward and outward airflows cause a drop 
in pressure at the centre, and form what is 
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Tornado dynamics 


Take a look at the anatomy of a supercell thunderstorm 


Cloud dome 

The updraught within a 
storm causes air to 
overshoot the cloud 
top, forming a visible 
bulge in the cloud. 


Mesocyclone 

A vertical vortex of 
rotating air drawn 
upwards by convective 
updraughts in a storm. 


Flanking line 
Smaller cloud towers 
occur in developed 
thunderstorms, creating 
a staircase appearance. 


Tornado 
Tornadoes generally 
form between the 
flanking line and the 
storm’s main tower. 








oweeet ™ - ut 


Wall cloud 

An isolated cloud 
attached to the base of 
the storm. Signs of 
rotation indicate possible 
tornado formation. 


Anvil 

A flat cloud formation 
at the top of the storm; 
updraught air slows 
down and is forced 
outwards by winds. 


Hail shaft 

Frozen water cycles 
up and down through 
the storm, growing in 
size until it becomes 
too heavy to stay up. 























Superstorms 




















known as a dynamic pipe. At the core of the 
vortex, the pressure is lowered, which sucks in 
more air, causing the column to lengthen and 
extend down towards the ground. 

A tornado warning was issued in Oklahoma 
at 2.40pm, and the tornado that ravaged Moore 
touched down 16 minutes later. It started out as 
a weak EFo twister, capable of only minor 
damage to roof shingles, trees and guttering, 


but within ten minutes it had intensified to EF4. 


EF4 tornadoes have extremely destructive 
winds of up to 322 kilometres (200 miles) per 
hour and, on its path to the city of Moore, it 
severely damaged a bridge and killed nearly 
100 horses at the Orr Family Farm. 

Once in the city, the storm intensified to EF5 
— the highest rating for a tornado - and reduced 
many buildings to rubble. It lost its peak 
strength and returned to EF4 classification, but 
the intensity of the storm caused a great deal 
of damage: 13,500 homes were destroyed, or 
damaged, affecting 33,000 people, 24 people 
were killed and hundreds more injured. 

The tornado continued to weaken until it 
eventually dissipated at 3.35pm, about eight 
kilometres (five miles) east of Moore. 








_ A pickup truck 
wrapped around a 
tree trunk during 
the Moore Tornado 


a 


‘Newcastle 


Storm west of Newcastle is intensifying and showing ® 
some rotation. Stay alert! No tornado warning yet 
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Geography made for disaster 


Find out why North America is so prone to twisters 


Cool, dry air 
Cold air comes over 
the Rocky Mountains, 
losing its moisture as 
rain and snow. 








Dry line 


Dry lines are boundaries found 


between cold, dry air and 
warm, moist air. These areas 
have high storm activity. 


Key features of a storm shelter 
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Tornado Alley 
The states at the 
boundary between cold 
north-western and 
warm south-eastern air 
are the most prone to 
tornadoes in the USA. 


Warm, moist air 
Humid air from the Gulf 
of Mexico moves up 
from the south. 


What protection do overground storm shelters offer from extreme winds? 


Steel and 
plywood door 
Plywood can absorb 
impacts, while steel 
prevents shrapnel from 
penetrating the shelter. 


Anchorage 
Shelters are anchored 
to a concrete slab to 
prevent them from 
overturning in the 
wind or being swept 
away by floodwaters. 


2:51 PM 


You DO NOT want to be in your car in a tornado! Stay 
where you are. Get in, get down and cover up. Tornado 
may affect Moore/south OKC [Oklahoma City] 








Concrete roof 

A 10-15cm (4-6in)-thick 
concrete roof resists the 
winds that pull other 
roofing materials away. 


Air vent 

Small ventilation holes 
allow people to breathe 
without letting any 
debris into the shelter. 


Reinforced walls 

20cm (8in)-thick concrete walls with 

internal steel grid supports provide 
protection from wind and debris. 


This is as serious as it gets for SW OKC | en 
and Moore. Please seek shelter now! 








— ETON? P winds in ina 1 tornado have been recorded reaching speeds c of 2 48okm/h [300mph]! 

















Chasi ng tornadoes pone of 360-degree 


Discover the technology that allows the Tornado Intercept rotation, the turret films 


Vehicle 2 (TIV2) to get to the vont of violent storms high-definition IMAX video 
= _ footage through bullet- 


resistant tempered glass 
and polycarbonate. 


Mast 
Scientific data, 
: — : including wind speed, 
Chassis | . Fe — ‘a —_ 43 a barometric pressure 
Built around a 2008 TESA) _— | hy and relative humidity, 


Dodge Ram 3500 4x4 —— | a pa bia : are collected using a 
Es | _ #3 #327] ~—. - —. = oe e. = : | » retractable mast. 


and covered in 3mm 

= (0.12in)-thick welded plate 
steel, the TIV2 weighs in 
at 8,000kg (17,500Ib). 


oS — = - 





Self-levelling 
suspension 

The car has three axles 
capable of maintaining = 
a fixed height above the ~ 
road, regardless of 

changes in load. 


Hydraulic skirt Stabilising spears 
This can be dropped to A series of 1m | 
divert wind aroundthe | — (3.2ft)-long hydraulic 
base of the truck and to © stakes can penetrate the 
protect the underside ground to stabilise the 
from flying debris. vehicle in the event of 

particularly violent wind. 














(@NWSNorman) reporting on the Oklahoma oe twister as it played out 
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3. 21pm | i we Gf 13 33p m= Dk os eee ae 


The tornado is so large you may not realise it’sa are | p ] a “t a & SE OKC is in eidel tae danger! Large violent tornado @ 
§ tornado. If you are in Moore, go to shelter NOW! Ae r § Moving your way. Do not wait to see the tornado! A 


© Alamy; Corbis 
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Firestorms 


Jeo colent Keaats(olemiececcnivataretcnrescielel=)s0\0) 
flames, dare you discovegnature'Sis 
most violent infernos? 
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The Black Thursday bushfires on 6 February 1851 
k on burnt the largest area of any Australian bushfire in 
European-recorded history: a quarter of Victoria! 





» Firestorms are among nature's 
ES most vato)(svolmsbecomosateyacreslemsleyls 
Jo) alcvaloyeslcvetoeay Keyeatclelomsceyaacmnaselels 
sweep superhot flames of up to 1,000 degrees 
Celsius (1,800 degrees Fahrenheit) through 
buildings and forests alike. Victims often 
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op 
suffocate before they can fleeandentiretowns |= —eieLlhy 
lj : ffi _ The cloud has a puffy, 

can be obliterated. Survivors of firestorms Pert jee ceeepesrance 
describe darkness, 100-metre (330-foot)-high due to bubbles of rising 
fireballs and a roaring like a jumbo jet. To give hot air and falling cold air. 
you an idea of the sheer heat, firestormscanbe [4% : 
hot enough to melt aluminium and tarmac, < * = 
warp copper and even turn sand into glass. a 

Firestorms happen worldwide, especially in Mushroom cap 
the forests of the United States and Indonesia, ee top he eee /- 

4 k atmosphere stops the alr , 

and in the Australian bush. They occur mostly B rising any farther. Instead Smokacneen 
in summer and autumn when vegetation is | ‘it porgads out beneath. Ashhvautileniekeinnask 
igbalelsymopaiayaVineloercdemmelcnia-bace-Ber-laebe-0l “ ; : the base of the cloud 
joy etcyatoyantsvoCoyemecbonleyatemdatcbretolmols\icclieclanats = and typically turn it a : 


b ish colour. 
were triggered deliberately. During World War a eel 


II, for instance, Allied forces used incendiaries 
and explosives to create devastating firestorms 
in Japanese and German cities. Firestorms also 


How do mushroom clouds form? 


erupted after the cataclysmic impact 65.5 The terrifying mushroom clouds produced that lifts water vapour, ash and dust. The 
million years ago that many believe to have after nuclear bombs are examples of vapour starts to cool high in the atmosphere 
triggered the extinction of the dinosaurs. pyrocumulus, orfire, clouds. Thistowering | and condenses as water droplets on the ash. 

Climate change may be already increasing jodatevaloyantsdaloyeWtsKercletaYeMeyvmmarn-vol-mes celpnatel As aresult, a cloud forms that can quickly 
the risk of mega-fires by making summers ever JaY-ralsbel:Aolvbanatea-Wabe-ciceyertta Uol-dbaKojecnervel become a thunderstorm with lightning and 
hotter and drier. The Rocky Mountain Climate reach an incredible nine kilometres (six rain, if enough water is available. The 
Organization, for example, has reported that miles) above the ground. When the fire bredetandnetme-vensicclamaCanarlescmollimeemaals 
from 2003 to 2007, the 11 western US states heats the air, it rises in a powerful updraft bright side, rain can extinguish them. 


warmed by an average of one degree Celsius (1.7 

degrees Fahrenheit). The fire danger season 

Jakckowexe) elomel el ohvarcomek= Myce) beleow le lslon | 
The risk of an Australian firestorm striking a i 

major city has also heightened in the last 40 How firestorms change the weather 

years. Climate change may have exacerbated 






















Firestorms can release as much 
energy as a lightning storm ona 


this by increasing the risk of long heat waves hot summer’s afternoon. 

and extremely hot days. In January 2033 alone, Warm air above the fire is lighter 
Hae hfi h eh than the surrounding air so it rises; 

a hundred bushfires raged through the states the swirling pillar of lifting air above 

of New South Wales, Victoria and Tasmar the fire is called a thermal column. 


following a record-breaking heat This tornado-like structure is 
Maximum daily temperatures rose t responsible for a firestorm’s power. 2. Pyrocumulus 


Under the right weather conditions, The air cools as it rises. 
degrees Celsius (104.5 degrees Fahi nheit y- air can rise inside the column at Moisture condenses onto 
beating the previous record set i eye-watering speeds of 270 suspended ash particles 
4 j kilometres (170 miles) per hour! and a dense cloud forms 

Firestorms can happen during | Cooler air gusts into the space left that can become a storm. 
fires, but are not simply wildfires. A behind by the ascending air, causing 
irestorm is massive enough to W violent winds that merge fires 


- 4 together into a single intense entity. , 
her (see boxout). The thu P They also blow in oxygen, wood and el 
powerful winds aug fire whirls — mini other flammable material that serve 













© adocsgtspinninagleminten spawn to fuel and intensify the blaze, 
+ of teerri hae ee ee ee ene 1. Thermal column 3. Filling the ga 
are all part of it eye OWET. thermal column can spawn fire g sith 


Bean hav@a h The fire warms the air Air rushes into the space 
e can Smucn energy as tornadoes and throw out sparks. above, causing it to left by the rising air, 
Hot air rises above it, sucking These can set light to trees and become lighter than its creating violent gusts that 


houses tens of metres NV AY s surroundings So it rises. only intensify the fire. 
increasing the conflagration’s range. 


The intense fi 
a thunderstorm. 
in additional oxygen and dry debris, which 
jab (=) is belemsye)qzr-lomael-Bubacmm ll pealokcmecbemactslael 
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tornado speed - tens of times the ambient wind 
speeds. The huge pillar of rising air-calleda 
thermal column - swirling above the firestorm 
can generate thunderclouds and even 


Flanking and 
backing fires 
The fire front burns any 
fuel ahead. Flanking and 


Firestorm step-by-step 


See how a deadly firestorm starts as a single 
spark and spreads rapidly through the forest 


lightning strikes that spark new fires. 

The thermal column, in turn, can spawna 
number of fiery tornadoes, which can tower to 
200 metres (650 feet) and stretch 300 metres 
(980 feet) wide, lasting for at least 20 minutes. 
These fling flaming logs and other burning 
debris across the landscape, spreading the 
lo) EVA= Mus Walcm abe aeloN(cyolm-Nb acer. bemoans lsymsl ms loye) 
kilometres (100 miles) per hour, scorching 
hillsides as far as 100 metres (330 feet) away 
from the main fire. It’s far more powerful than 
a typical wildfire, which moves at around 23 
kilometres (14.3 miles) per hour - just under the 
average human sprint speed. 

Like all fires, firestorms need three things to 
burn. First is a heat source for ignition and to 
dry fuel so it burns easier. Fuel, the second 
must, is anything that combusts, whether that 
be paper, grass or trees. Thirdly, all fires need 
at least 16 per cent oxygen to facilitate their 
chemical processes. When wood or other fuel 
burns, it reacts with oxygen in the surrounding 
air to release heat and generate smoke, embers 
and various gases. Firestorms are so intense 
that they often consume all available oxygen, 
suffocating those who try to take refuge in 
ditches, air-raid shelters or cellars. # 


Fighting 
irestorms 


Fire wardens, air patrols and 
lookout stations all help detect 
fires early, before they can 
spread. Once a fire starts, 
helicopters and air tankers head 
to the scene. They spray 
thousands of gallons of water, 
foam or flame-retardant chemicals 
around the conflagration. In the 
meantime, firefighters descend by rope or 
parachute to clear nearby flammable material. 
We can reduce the risk of fire breaking out in 
the first place by burning excess vegetation 
under controlled conditions. Surprisingly this 
can actually benefit certain plants and animals. 
Canadian lodgepole pines, for example, rely 
partly on fire to disperse their seeds. Burning 
also destroys diseased trees and opens up 
congested woodland to new grasses and 
shrubs, which provides food for cattle and deer. 
Vegetation in fire-prone areas often recovers 
quickly from a blaze. Plants like Douglas fir, for 
instance, have fire-resistant bark - although it 
can only withstand so much heat. Forest 
owners help flora to return by spreading mulch, 
planting grass seed and erecting fences. 


Fire front 
The fire moves quickly 
forward in a long, 
broad curve. Its intense 
heat preheats and 
dries out vegetation 
and other fuel ahead 

_ of the flames. 





Ignition 
Dried-out vegetation is 
ignited by a lightning strike, 


the heat of the Sun or by 
human activity -ega 
discarded cigarette, arson 
attack or faulty power cable. 
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Spot fires 

If a fire ignites the 

tree canopy, the fire 
intensifies and burning 
embers explode many 
metres in every direction. 
A similar process is seen 
if you place a dry 
pinecone into a campfire 


_ - be sure to stand back 


if you try this though! 


Crown fires 

Fires in the tree canopy, 
aka crown fires, are 
intense and spread 
quickly, often threatening 
human settlements. 
Large expanses of forest 
can be destroyed and 
take decades to recover. 


backing fires set light to 
vegetation to the sides of 


the fire front and behind the | 










point of origin, respectively. 
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Cloud 


The hot air cools as it 
goes up, and droplets of 
water condense on the 
ash particles. A puffy 
cloud forms with pockets 
of billowing, moist air. 


Airtanker 
Aerial firefighters dump 
water from above, or for 


Thermal column 
Air is warmed by the fire, 
becomes lighter than the 
surrounding air and rises 
to create a thermal 
column. The lifting air 
carries smoke and ash 


more serious blazes, fire 

| retardants like ammonium 
sulphate are used, which 
also act as a fertiliser to 
help promote regrowth. 


—— 


Wind 

Sparks and embers flying 
off the tree canopy are 
blown with the breeze. 
They cause the fire to 
spread and advance in 
the direction of the wind. 


Rens Sage pete ae ae eee at 


| from the blaze with it. 





Going up 


Fires move faster uphill 


for several reasons: the 
flames are closer to fuel 
sources; vegetation is 
typically drier on slopes 
so easier to ignite; and 
winds often blow upslope 
because warm air rises. 





Self-sustaining 
Winds blow in towards 
the conflagration to 
replace the rising air. This 


brings oxygen to feed the 
fire. The thermal column 
becomes self-sustaining 
and a firestorm ensues. 





Five mega 
firestorms 


Black Saturday 

In 2009, one of Australia’s 
worst bushfires killed 173 
people, injured 5,000, 
destroyed 2,029 homes, killed 
numerous animals and burnt 
4,500 square kilometres 
(1,700 square miles) of land. 
Temperatures may have 
reached 1,200 degrees Celsius 
(2,192 degrees Fahrenheit). 


Great Peshtigo 

The deadliest fire in 
American history claimed 
1,200-2,500 lives, burned 
4,860 square kilometres (1,875 
square miles) of Wisconsin 
and upper Michigan and 
destroyed all but two 
buildings in Peshtigo in 1871. 

Ash Wednesday 

More than 100 fires swept 
across Victoria and South 
Australia on 16 February 1983, 
killing 75 people, destroying 
3,000 homes and killing 
50,000 sheep and cows. It was 
the worst firestorm in South 
Australia’s history. 
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Hamburg 

sWavispadactinoyaeemoyaelercdelmeyel 
by an Allied bomb strike in 
1943 killed an estimated 
44,600 civilians, left many 
more homeless and levelled 
a 22-square-kilometre 
(8.5-square-mile) area of the 
German city. Hurricane-force 
winds of 240 kilometres (150 


miles) per hour were raised. 


Great Kanto 

A7.9-magnitude 
earthquake on1September 
1923 triggered a firestorm that 
burned 45 per cent of Tokyo 
and killed over 140,000. This 
included 44,000 who were 
incinerated by a100-metre 
(330-foot) fire tornado. 
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Monsoons 


iVionsoons 


The wind systems that reverse seasonally, 
bringing dramatically different weather to 























subtropical regions 
Monsoons are seasonal northern hemisphere. They see 
windsystemsoccurringin the prevailing wind direction 
J tropical and subtropical and conditions in these areas 
regionssouth, southeastandeastof reverse between summer 
the large landmasses in the and winter. © 
— Where? 
Seasonal monsoon conditions Peelers 
~ ystems of the world are 
across southern Asia the West Afican and 


Asia-Australian monsoons 
(marked in red). 

Summer 

In summer, monsoon winds bring 

heavy rainfall. The land is heated much 

quicker than the ocean, causing the 

warmer air to rise, creating a strong, 

large area of low pressure. The cool, 

wet air from the ocean is drawn in, 

bringing with it warm southwesterly 

winds. When the moist air reaches the 

Himalayas, clouds form and produce . : 

heavy rainfall that can lead to flooding. ae wa ‘a 


Winter 


' = . South Asia’s winter monsoon winds bring 
— much dryer, cooler, clearer conditions. 
» — Because this time the sea is cooling much 
Zi slower than the land, the low pressure 
and clouds instead form over the ocean, 

drawing the cool, dry air from the 
mountains into the area. These winter 
monsoon winds blow from a 
northeasterly direction. 


Rain season from the 
etebaloyesbectsW oce)belme)el 
the Matheran Hill 















The thick of it The white killer Fresh snow = bad news Breath of life 


Intentional avalanches 


A large avalanche might Each year, avalanches kill A snow-faring adventurer is If caught under an avalanche, When a lot of snow builds ona 
release up to 300,000 cubic around 150 people - the most likely to witness an wait for the slide to stop and slope where an avalanche is 
yards of snow, which is victims are usually males in impressive avalanche during then use your hands to clear likely, small avalanches are 
equivalent to something like 20 their twenties who are or just after a storm that has . an area in which to breathe, intentionally triggered using 
football pitches covered with experienced mountaineers or deposited around 30cm of then punch a fist upwards explosives to prevent one 

ten feet of snow. skiers more likely to take risks. fresh snow. and outwards. potentially deadly slide. 
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Avala nche! 


What causes these often deadly snow slides? 


’ Although the potential for an avalanche is present wherever you find a mass of 
ae _. snow onaslope, there are three main types of avalanche each dependent on 
several conditions: the type of snow in the snowpack, the temperature, wind, the 
steepness and orientation of the slope, and vegetation (or anchors). 











1. Trigger 
This disturbance is where the avalanche begins to 
fracture and it tends to be high up the slope but can still 
occur anywhere on a mountain. 90 per cent of fatal 
avalanches are triggered by the victims. 






ro 


c. ant 
a ae , 
2. Starting zone 


- The starting zone is the section of the avalanche 
vit ¥ # path at which the avalanche is released sending 
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» 2 unsecured snow downhill. It normally occurs ona 
Fa 
“ 


. steep slope of between 30 and 50 per cent. 
r Fas 7 








he avalanche path “ |e - | 3.Track 

This consists of the starting ell 5 | = ; » The track is the main path down which an avalanche 
!zone, the track and the aor - flows. The snow will either slide down as a sheet or 

run-out zone. ———_>- dy ‘ oe * 4 concentrated in gullies. Towards the bottom of a 
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"© 4, Run-out debris toe) 
As the slope flattens out - or meets 
hl another slope - the avalanche will come 
to rest. This area is the run-out and 
consists of a pile of snow and debris 
picked up along the run. Any unfortunate 
victims would likely be found in this area 
of deposition. The very end of the 
deposited snow is referred to as the 
avalanche toe. 






Main types 
of avalanches 
Dry (8Omph) 


Occurring below freezing, dry 
avalanches are usually triggered by 
loading from new snow or blowing 
snow. These high-speed slides 
consist of air and powdery snow, 
beginning at a single point and 
gathering speed and mass. As it 
moves downhill, pressure builds 
ahead of the mass of snow, creating 
a powerful blast of air capable of 
destroying most things in its path. 


Slab (60-80mph) 
The most common - not to mention 
deadly - type of avalanche occurs 
when a layer of compacted snow 
overlies softer snow. When the 
weaker snow can no longer support 
the snow above - or if a passing 
skier adds to the weight - the hard 
layer (usually 30-80cm) will fracture | 
like a pane of glass and slide away. If 
a victim is in the middle of the slab, 
they are unlikely to survive. 


Wet (10-30mph) 
Wet avalanches move slower than ( 
their drier relatives and occur as a Je 
result of rain or warmer weather 
melting the snow. Rain or humidity 
softens the snowpack, breaking the 
bonds between water molecules. 
Although wet avalanches are slower 
and don’t feature a dust cloud, they 
are still highly destructive, capable 
of dragging boulders and even trees 
~~ down the mountainside. 



































. ‘ 
© Science Photo Library 









avalanche 
. forecaster for 

. the Canadian 
Avalanche 
Centre, speaks 
on the dangers 
of avalanches 
What are the most common 
avalanche triggers? 
The most common triggers for all types 
of avalanches are natural; [including] 
loading from new snow, rain or blowing 
snow, rapid warming of the snowpack 
from an increase in air temperature or 
intense solar radiation, falling cornices, or 
other natural snowpack stressors. L...] 
Most fatal avalanches are human- 
triggered by the victim or someone in 
their party. 


How and why are avalanches 
sometimes triggered intentionally? 
[Avalanches are triggered intentionally] to 
reduce the threat of future uncontrolled 
avalanches. Any time an avalanche is 
intentionally triggered, strict procedures, 
such as access closures and spotters are 
in place to ensure nobody will be 
adversely affected. Ski resorts or 
commercial backcountry operations 
often stabilise slopes by triggering 
avalanches before opening to the public. 
Intentional triggering can be achieved 
safely through remote-controlled 
explosives well away from the avalanche 
path, or hand- or helicopter-deployed 
explosives above the path. 


Survival tips 


The top ten survival tips for 
mountaineers and skiers 


li Take avalanche safety course 
| Read avalanche bulletin 


lf Choose route or terrain 
appropriate for conditions 


a Carry and practise using 
safety gear (transceiver, 
shovel and probe) 


Wf Never travel alone 


lf Avoid common trigger points 
suchas convexities, thin 
areas, or below protruding 
rocks or trees 


4 Travel onavalanche prone 
slopes one person ata time 
and spot from safe locations 

lf Ifcaught do everythingin 
your power to escape the 
flowing mass 

a If burial is imminent, create 
an air pocket in front of your 
face with hands and arms 

lt Ifburied, remain calmand 
await rescue 
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t of air rattles the windows. The sky 
ns ominously as coal-black clouds 
=) oF (el cession aCen aleavAelemmMalenelelcve 


st flickers of lightning, like paparazzi. 
uddenly, the rain comes down in sheets, blown 
sideways by howling winds. With a crackling 
explosion, a tree across the street 

is torn in half bya stroke oflightning. But 

as suddenly as it started, the rain stops. 
MMol=Mel(olblokspacyect-Dbamenuie-balonncveule)\mer-bever-Htenle cit 
green. You look out the back window 


the twister. 
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The making of a tsunami 


On 26 December 2004, a 9.0 magnitude earthquake 
off the coast of Sumatra, Indonesia triggereda 
series of tsunamis — giant seismic sea waves. It was 
deadliest natural disaster in recorded history. 

Tsunamis are not ‘tidal’ waves. They are created 
when a violent geological event - like a submarine 
earthquake, landslide or underwater volcanic 
eruption - displaces a huge amount of water. 

The Indian Ocean earthquake occurred alonga 
subduction zone, a place where one tectonic plate 
wedges under another. During the record-setting 


O60 


mm| Howadeep-sea rumble forges a killer wave 


quake - which released more energy than 23,000 
Hiroshima-era atomic bombs - a section of sea floor 
1,000 kilometres long was pushed ten metres 
horizontally and several meters vertically. 

The violent displacement generated a massive 
deep-ocean wave only a few meters high, but 
hundreds of kilometres long. The almost 
imperceptible swell travelled across the open 
water as fast as a jet aeroplane. As the deep-ocean 
seismic wave neared the shore, it was slowed down 
by the quickly rising sea floor. But as the wave 


in search ofa reprieve. Instead, yousee 


Mother Nature deserves respect. Before you — 
(ofoyae}o)ecbbek-lerelvimeatcn bred slmovab+Alcnaet-lmsjole)i (cre) 
your picnic, thank your lucky stars you've neve 
experienced a true weather disaster: a six-stor 
tsunami wave, 150kph hurricane winds, or 
tornadoes that can toss an18-wheeler like a 


We'll help you make sense of the Weather " 
(Gat-vavelsdmelet-innsyar-belewlcr-Deemnetclmerclotcreonn els 
Moya lo Mcpaalelsimsy.qn ceventemnt(crclaarcymelercvelevent-veremn” 
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compressed horizontally, it rose vertically, 
reaching heights of 30 metres in some cases. 


“Tsunamis are not 


tidal waves, instead 
they are created 
when a violent 
geological event” 
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The most tornadoes... 

There are more tornadoes in America than any other country. Supercell 
formation is fuelled by warm, moist air from the Gulf of Mexico meeting 
cool, dry air blowing over the Rockies. 


lained 


he twisters descend from the sky 
ChallE-Wercldeneymelacinaulenee 


Koya atclololerce-bacw ole) eam banel-\-iccre cel eninejessmellelelers 
called supercells. While normal storm clouds form 
and dissipate in 30 minutes, supercells can last for 
hours and spread severe weather across hundreds of 
kilometres. But the most unique characteristic ofa 
supercell is its powerful counter-clockwise rotation. 

Supercells start like normal thunderstorms. 
Moist, warm air near the surface is pushed aloft bya 
physical force like a cold front. The warm air 
condenses into water droplets as it reaches higher 
altitudes, forming towering clouds. Supercells grow 
large because ofan abundance of warm, wet air 
below and cool, dry air above. 
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If the sea floor rises suddenly during a violent 
earthquake, it will displace massive amounts of 
water above, creating a seismic wave. 


A submarine earthquake is 

more likely to form a tsunami when the 
focus of the quake the location of the actual 
rupture - is shallow. 


But why do they rotate? It’s down toa 
Jo) okey aloyantcvaleyemer-¥Olcxomntsbalousjelar-bem-Ecible(o(sJeKelet-belcne)i 
wind speed and direction. Typically, winds blow 
faster the higher you climb. This creates a paddle 
wheel effect in the atmosphere, generating columns 
of air that spin on horizontal axes. 

With supercells, the warm, low-lying air is sucked 


‘upil into the storm with such force that it grabs one of 


these horizontally rotating columns of air and twists 
it vertically. The result is a mesocyclone, an intensely 
qojecvabarcaee)ivpesven-imealeuelcr-)ameauelce1ejel-cec) 08 
Meanwhile, rain and hail falling from the supercell 
are caught in these rotating winds. Much ofthe 
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Tsunamis make landfall as 
violently churning walls of 
water, sometimes 15 or 
even 30 metres high. 
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precipitation evap 


tightening the funnel. Ther 
pressure inside the funnel, 
vacuum. As more and more air is 
vortex, the speed of rotation increases, | 
skater pulling in her arms for the final F 
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300mph, tear through reinforced struc 
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Deadly force 
Later waves are usually the deadliest, 
launching masses of debris on-shore 


As the tsunami approaches the shore, the rising 
sea floor compresses the wavelength, greatly 
increasing the amplitude. 
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deadly force of nature 


Hurricanes are massive heat engines. They form over tropical : 
waters with a minimum temperature of 27°C (80 F). Hot water sae ey a ct bane" 
evaporates very quickly, rising up through the atmosphere vapour and believe storm surges are cloiidi@saemete qian 
until it condenses into clouds and water droplets. The condenses into caused by mounds of hurricane is the point 
incredible thing is that condensation itself creates even more rings of towering water drawn upward by of lowest pressure, 
heat. The recharged air soars even higher, building a cluster of ston cioud>eaied the low surface pressure in ing air to sink straight 
: ‘ : rain bands. the eye of the hurricane. OW 
iKe/cyabalcmmrsimdelonalel=vecine)sentsneb0lcvon-Mnae)o)(er-Umentsinubaey- balan 
Once the heat engine has been jump-started, rapid 


condensation within the storm continues to force air upward Th e h L] ri ‘ag Nn e & CU S O Nn S i - f* 
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while more hot air rushes in from below to fill the void. This us 
suction of hot air from the ocean surface creates lower and Sue — = 
lower air pressure. When air rushes from high pressure to low : —_ ~_, So 
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June - December 























it creates powerful winds. When wind velocity LL} ee at oo 
OF celekcineyausWskecl Ceo ReMucoyoy(erc¥ Rolsyey esis (0)e8 hh fare eee me Ne_June - November 
images of hurricanes show a swirling vortex of | ~~ ‘ i se . 
is. The spin is caused by two main forces: the ‘, a A WW WS 
pressure gradient. In the northern ‘ ‘ Nes 
tation pulls winds to the right le Pi. 
me low pressure at the storm’s \ | 
e left, creating a net counter- ww ’ 


opposite is true south of the equator. As the 
n, more water condenses, more heat rises, 


ps further and spin increases until winds There are few Atlantic hurricanes Hurricanes are Fos vo) of=1ai val golereyal 


h, enough to qualify as a tropical storm. Seven hurricanes in the south ferevellaeioutce)e)(ere]| called typhoons in — ; IVeleoaneeselalalenelare 
cal storms spin even faster than 74mph, officially — Atlantic because high depressions off the the northwest 25 summer in the 
Toyeabbatea-WaltbaalesbaleMe J wind shear near the African coast from Pacific, and they can sf a southern hemisphere, 
ain ocean surface shreds June to November, occur ye Tnaleyelallavem aave)ae 
tropical storms. VVatclamuarsm aces) iors] high average: oavou(o)al=som(lale|t-) -lale| 
waters are steamiest 4 temperature. willy-willys (Australia). 


Thunder and lightning 


Beauty has never been so powerful... 


Inside the chaos ofa storm cloud, falling bits and other clouds or points within the same 
ofice collide with updrafting water droplets, storm cloud. In fact, only ten per cent of 





shearing off electrons to create newly lightning strikes hit the earth. Cloud-to- 
charged particles. The negative particles ground lightning begins when a negative 
sink to the bottom of the cloud, while charge from the cloud begins to carve a path 
positive particles rise to the top, just likea of least resistance through ionised air, 
colossal battery. As a storm cloud swells in zigging and zagging every 25 meters. When it 
size, the force ofits negatively charged nears the ground, a positive charge calleda 
underside repels negative ions away from ‘streamer’ reaches up from surface objects, 
the surface of the Earth, creating a net completing the circuit. The resulting strike is 
positive charge on the ground. Something instantaneous, travelling at 300 million m/s 
needs to correct the imbalance between with the power of100 billion volts. 

theses huge oppositely charged masses. Aclap of thunder is caused by shock waves 


Lightning is a violent electrical discharge created by the expanding and contracting 
between clouds and surface objects, clouds air around the superheated lightning. 





The world’s most No-holds-barred A four-ce to be Another myth down A name to be 


powerful generator Nancy reckoned with the drain remembered 
If you calculate the total heat Typhoon Nancy, which tore Only twice in modern history - It is untrue that the Coriolis Since the Fifties, all tropical 
generated by condensation across Japan in September 1893 and 1998 - did four force causes toilets to flush in storms and hurricanes in the 
inside a hurricane, it equals 1961, clocked sustained winds hurricanes power their way different directions in the Atlantic basin receive a name. 
200 times our daily worldwide of 185kph (213mph), the simultaneously through the northern and southern If the storm’s particularly 
energy-generating capacity. fastest on record. Atlantic basin. hemispheres. deadly, the name is retired. 
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In January 1996, 100 million tons of snow fell on the streets of New York City 
and nearby Philadelphia was buried under a record 78 centimetres (30.7 
inches). Ice storms and sub-zero temperatures stretched as far south as 
sunny Florida, trapping people in their homes, often without electricity. In 
1891, easterly winds dumped 3.6 metres (11 feet) of snow in London. Trains 
were completely buried under tremendous drifts and 65 ships sank under 
the heavy ice and snow. 

Blizzards form exactly like thunderstorms. A cold front pushes warmer, 
moist air into the atmosphere, condensing into clouds. If temperatures 
stay below freezing, snow falls instead of rain. If huge amounts of snow are 
accompanied by gale-force winds, it’s possible to achieve a complete 
whiteout, when earth and sky merge ina disorienting canvas of white. 


For a winter storm to qualify as a blizzard, there 
must be sustained winds ofat least 58kph Blanket covering! 


(35mph) and less than 0.4 km (0.25 mile) visibility | “You're going to need more thananice 
for three hours or more. scrapper to get out of this one mate... 


Waterspout 


Whileit’s never truly rained ‘cats arid dogs’, It has rained frogs and fish. In 
the past century, townsin the United States; Greece and Serbia have been 
inundated with falling amphibians (some of them frozen solid) that pile up 
in the streets. While a Biblical plague isn’t out of the question, the more 
likely culprit is awaterspout, a tornado-like vortex that forms over water. 

There are two kinds of waterspouts: tornadic and fair weather. Tornadic 
waterspouts form under the exact same conditions as tornadoes and can 
generate winds over 300kph (20omph) with powerful internal updrafts. em: 
The low-pressure core of the waterspout can dip several metres under aoe ae ae sine 
water, sucking up anything inits path, including fish, frogs and lizards. Re Nes 
Fair weather waterspouts grow from the ocean up, created by the sudden | - 
convergence of smooth and choppy seas. Swirling water is pulled upward 
by rising air currents, without the help of a major storm system. | Fi ood . 

While fair weather waterspouts are weak and rarely cause damage, Ss After the YalNns, the delu Ze 
tornadic waterspouts have torn apart ships at sea. Famed waterspout 
researcher Joseph Golden believes many so-called ‘Bermuda Triangle’ 
disappearances are caused by killer watexrspouts. 






= ee world. 
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When you think of killer weather, you picture tsunami-battered coasts or 
twisting black tornadoes. But one of the deadliest weather phenomena 
worldwide is flooding. Flash floods - where small rivers and creeks swell 
without warning to raging torrents - are the number one weather-related killer 

in the United States. Flash floods can happen almost anywhere. In cities, there 

often isn’t enough green space to absorb the runoff from a severe storm. This 

can overwhelm drainage systems, causing flash floods in low-lying areas. 

In the mountains, a sudden torrential downpourcanfeedhundredsofsmall | 
streams that mergeina single river valley. The result can be dramaticand 
deadly, creating a wall of churning water - five to ten metres of mud, rocks and 
debris - that wipes out everything in its path. Violent hurricane winds - gusting 
over 135kph (155mph) in some cases - can push a mound of water in front of the 
hurricane called a storm surge. During Hurricane Katrina, powerful surges 
breached the levee system, causing widespread destruction by flooding. 

The 2007 floods in the UK were an example of river flooding caused by 
The walls ofa waterspoutare sustained, powerful rains. Over the course of12 hours, parts of northeast 
semi-transparent, since they _ England received a sixth of their annual rainfall, swallowing whole towns in 


are made of windswept water, + swollen rivers. 
selolmebbam-belemelcleyals 
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Mount Herschel in Antarctica, 
which has been affected by 
global warming 


One planet, many climates 
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Earth’s extreme 
climates 


— ee 


es atin 








_— 
“ee i 


ta: 


‘- 
——— 
=< 
— 
‘ 
a = 






en Se a 
a eS eg heal = ~~ 


—_ 
-_ = r 4 — ’ —_ - at = 
—— => = = —_ es 


From dry, polar deserts to wet, hot rainforests and everything 
in between, Earth has some amazing extreme climates 


Climate goes far beyond weather. It 
explains why there are such predictably 
disparate regions on the Earth and such 
wide variations in things like temperature, 
precipitation, humidity, wind, vegetation and 
plant life. There are a lot of different factors that 
play into the different climates present on our 
planet, and they work together in a complex 

way. One is the differences in how air circulates 
around the Earth. Depending on where you are 
located, you are in the path ofa different wind 
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belt or cell, with its own unique characteristics. 
They are considered the ‘weathermakers’ for 
the latitudes they occupy, as they both affect 
and are affected by temperatures on the 
Earth’s surface. 

Each of the five main lines of latitude - Arctic, 
Tropic of Cancer, the equator, Tropic of Capricorn and 
the Antarctic- also havea big impact on the climate 
in which you live. Most areas near the equator are 
hot, as the Sun is directly overhead with very little 
variation in temperature. As you move outwards on 


either side of the equator, temperatures can vary 
widely in part because the proximity of the Sun 
changes more drastically with the Earth’s tilt and 
rotation. Once you reach the Poles, we’re back to 
extremes, with temperatures that are consistently 
cold due to the distance from the Sun. 

Topography also affects climate, and can 
supersede other factors. One striking example of this 
is California, which boasts several major different 
types of climate all in one state (some of which even 
have sub-climates). There isa Mediterranean 


S°C Fae Rkor 22°C in 15 min Bina 22,938/mmM 


(AR >Z2Omillion e8"~485km/h 1ei65"-89.2°C 








Atmospheric 
circulation 


Atmospheric circulation is the way 
that the Sun’s energy is dispersed 
across the Earth’s surface. This 
large-scale air movement behaves in 
predictable patterns and follows 
specific cycles, creating different 
climates across the globe. 





The Lut desert boasts the 
hottest surface temperature 
recorded onEarth 


climate along the coast and insome of 
the interior valleys. A desert climate is 
present in dry valleys and mountain 
ranges. Other areas of high elevation 
have more temperate climates and vary 
depending on proximity to the ocean. 
California even has areas of steppe, a 
type of grassland. High temperatures 
across the state can reach 38°C (100°F) and 
lows can get down to -11°C (12°F). Thanks 
to its coast and the Andes, the country of 
Chile can also boast a number of 
different climates within its borders. 
Both California and Chile have 
numerous examples of micro-climates 
—areas where the climate can vary 
widely within square kilometres, thanks 
to differences in topography. 

The Earth has undergone extreme 
climate shifts in its history, one such 
being the ice ages. Ice ages are periods 
when the temperature of the planet as 
a whole has gone down enough to 
create more alpine ice and polar ice 
sheets. In the Seventies many scientists 


Trades 

These north-easterly 

and south-easterly 

winds blow from 

their respective 

directions and get r 
stronger in the 

winter during times 

of high pressure at 

the Poles. 


The Doldrumsare found 
” inthe intertropical 
convergence zone 





Westerlies 

These winds blow predominantly from west to 
east in the middle latitudes, between 30 and 60 
degrees north and south. 


Intertropical 


convergence zone 
This area in between the 
various types of prevailing 
winds is very calm, with little 
to no wind. 


speculated that we could be headed for 
another ice age. However, today the 
prevailing theory is that the Earth will 
experience a climate change due to 
global warming. While believers in the 
next ice age did not specify human 
involvement, global warming 

theorists point to an increase in 
greenhouse gases as a cause for rising 
temperatures around the globe. These 
gases absorb and emit radiation, and are 
aresult of an increase in carbon dioxide 
in the Earth’s atmosphere due to burning 
fossil fuels. 

Another possible cause for climate 
change is deforestation, which has 
already affected climates in areas such 
as rainforests. There is a general 
consensus among the scientific 
community that the Earth’s surface 
temperatures increased by 0.74°C (1.33°F) 
during the last century. The possibility of 
overall climate change to the Earthasa 
whole, however, remains controversial 
among the general public. 









Polar cell 

The Polar cells are the 
northern and southernmost 
wind belts circling the Earth. 
High-pressure areas come 
from cold air circulating 
over the Poles, which heats 
and rises as they move 
outwards and create 
low-pressure areas. 


Ferrel cell 
Unlike the other 
cells, the Ferrel cell 
is not a closed loop. 
It is known as the 
‘Zone of mixing’, 
where the air from 
the Polar cells 

and Hadley 

cells converge. 


—_— Hadley cell 
. When warm, humid air rises near 
the equator, it travels towards the 
Poles and descends into a 
low-pressure area. 


=, 


© DK Images 


Changes in latitudes, 
changes in attitudes 


Latitude - whether you're north or south of the equator - has a huge impact 
ona region’s climate. At the equator and the poles are the most extreme 
temperatures: very hot due to a lot ofincident sunlight, or very cold due toa 
low amount of sunlight. The ‘in between’ areas, or ‘middle’ latitudes, 
generally have definitive seasons and wider ranges in temperature. 


PAN ges (omer | goa (=) 

NV Fela ecm ta lem ofeve]ialaliare qe)muars 

PAN os (om c=yel(o)air- lave er ar- lave (ss) 
depending on the Earth's tilt. 
Once a year there’s a 24-hour 
day and a 24-hour night. 


oy g da age) (=) 


Equator 

The Sun passes 
directly over the 
equator at the 

NV Felaxe aire] are: 
September 
equinoxes, its rays 
perpendicular to 
the Earth’s surface. 


Axe) e)(ome)i 4 
Cancer 

This was named 
when the Sun 
appeared overhead 

Tame ac=Rexe)atsics| 1ace)a| 


(Or-TarexclarelU ai ave mtalsy 
June solstice. 


i [xe) 0) (ome) Or=) 0) a (ere) an] 
The Sun appears directly 
overhead during the December 
solstice. To the north, until you 
reach the Tropic of Cancer, is the 
ice) e)(er=] Nae] (ela F 


South Pole WUackelcel(-Manr-lacouuaremey-\ey lala) iaveReyimeay= 


Antarctic and also experiences one 
24-hour day and one 24-hour night per 
year at the solstices. 
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Climate Zones 


The Earth's climates can be classified 
into different zones that have similar 
conditions, vegetation, types of 
seasons and temperatures 





| Snag, Yukon, Canada 
Lowest recorded temperature of 
-63° C (-81°F). 


WET! Mount Waialeale, HI, USA 


Average annual rainfall of11m (36ft). 








Polar/tundra 

Generally the tundra has one month with 
an average temperature of 0°C (32°F), but 
no months with an average high greater 
than 10°C (50°F). There is low rainfall and 
snowfall, and vegetation comprises dwarf 
shrubs, lichen and grasses. 


Average annual wind speed of 
7km/h (4mph). 
gs J 


















Examples: Alaska, northern Canada 
and Russia, Greenland, Iceland and 
northern Scandinavia. 
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Boreal/coniferous forest 


Boreal/coniferous forests are usually in 
areas of higher elevation, between 900 
metres (2,953 feet) and1,300 metres 

(4,265 feet) above sea level. There is a high 
level of both rain and snowfall and very 
cold temperatures. 


Examples: Uplands of New England, 
inland Canada and Alaska, northern 
Norway, much of northern Asia. 


HOT! Death Valley, 


Arizona, USA r aan 
Highest recorded 
temperature of 57°C (134°F). 










Mountain 
NY CoLbbalec bem card (e)else-Dace-Leley(-mmelone acts 

line - the line at which trees stop growing 
due to extreme cold or dryness. High 
cVCEAVclaloyatsmantersbemme)lelsvaccveslelsvesiaenacsy 
because air expands when it rises. There 
are strong winds and there is usually a lot fo 2. ahdbapeee pmariiterene | 
of snowfall. WSS. .— 7 (1.2in). 


Examples: Rocky Mountains, Himalayas, 
Alps, Pyrenees, Andes. 


— 


: Temperate/ 
deciduous forest 


As its name implies, this climate is 
very moderate, with distinct 
seasons. Summer highs can reach 
32°C (90°F) and a winter lows can 
reach -1°C (30°F). Rainfall and 


Dry by the sea 

Arica, Chile 

The Atacama desert is the driest 
region on Earth, and Aricais the 
driest city. There are regions that 
have not received rainfall in tens of 
millions ofyears. Arica itself 
receives about 0.75 millimetres (0.03 
inches) per year, and once went a 
span o0f173 months without rainfall. 
Despite this, Arica’s average annual 
068 high is only around 27°C (80°F). 


snowfall can vary widely. 


Examples: Eastern and 
western United States, Canada, 
Europe, West Asia. 


= CALM! Oak Ridge, TN, USA * 


> 


_ WINDY! Chicago, IL, USA 
_ KnownastheWindyCitybut © 
-} _="\ noteventhewindiestin the US. 


Aa 


pereees+¢ WINDY! Mount Washington, USA 


CALM! Talkeetna, AK, USA 
Average annual wind speed of 
8km/h (5mph). 
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~ One planet, many climates 
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Rising air 

The Doldrums 

Sailors travelling through this 
region near the equator, known as 
the intertropical convergence zone 
(ITCZ), called it ‘The Doldrums’ 
because the air is so still. Rather 
than blowing as wind, air rises due 
to convection as itis heated by the 
Sun. This is generally located about 
five degrees north and south of the 
equator, but can move as much as 45 
degrees in either direction. The 
ITCZ is where the north-east and 
south-east trade winds converge, 
creating an area of low pressure. 


es North Ice, Greenland 
Lowest recorded temperature of 


-66°C (-87°F). 










Holds the North American & Western 
Hemisphere Record for highest recorded 
wind speed. 


CALM! Walla Walla, WA, USA -°— 
"Average annual wind speed 9km/h 
(5.1mph). 


WET! Debundscha, Cameroon 
Average annual rainfall of10m (34/t). 


o 
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WET! Quibdo, Columbia 


: Average annual rainfall of 8.9m (29.5ft). 





WINDIEST | 


A special kind 

of wind 

Commonwealth Bay, 
Antarctica 

With an annual mean wind speed 
of over 80km/h (50 mph) and winds 
regularly topping 240km/h (149 
mph), this is the windiest place on 
Earth. Katabatic wind also occurs, 
where cold air rushes down a steep, 
ice shield from the rocky point of 
Cape Denison towards the water. 


Extreme climate on other planets 

_ Marsis the most Earth-like when it comes to climate, with a summer 
high of 20°C (68°F). However, the average daytime temperature is -50°C 

(-58°F). There’s also the little problem of no air, very little surface pressure 

= andno magnetic field. 








) Increases in eee! temperatures can result in more extreme weather events, like tornadoes and hurricanes 


| HOTTEST | WETTEST 
















Toasted wheat Water, water! —— wre I Mediterranean 
Lut desert, Iran Mawsynram, India Bh es ee nag PNiaselttdoblmtcpycvetocclumecelaccteR-vaolunerel 
This large desert basin comprises The wettest place actually varies 4) Dell | * ff theMediterranean basin, this climate 
mostly salt, sand and rock. Its title between Mawsynram and the —- ? 4 exists in other parts of the world that are 
as the hottest place on Earth isin nearby city of Cherrapunji, witha | near warm bodies of water. There are cool, 
dispute, but according to NASA difference of less than1,000 , a wet winters and hot, dry summers due to 
satellite measurements in 2005 the milimetres of annual rainfall. Bo | Sn subtropic air pressures. 
average land temperature is 71°C Mawsynram in north-east India has ee 
(159°F). Surrounded by mountains, it an average annual rainfall of nearly Wea Examples: Mediterranean, California, 
is considered a dry drainage basin. 12 metres (39 feet). Mawsynram is in : os _* | western and south Australia, parts of 
One area is known as Gandom the Khsai Hills and about 1,400 central Asia. 
Beriyan, Persian for ‘toasted metres (4,593 feet) above sea level. 
wheat’, due to astory that spilled Air blowing in from nearby plains 
wheat scorched in just a few days. cools as it rises, trapping moisture Desert 
oe. in clouds, which release their rain . The main defining characteristic of 
? ease ~ e—« during monsoon season. | deserts is the lack of precipitation - most 
~— iyi — ae; ————_eetessthan 250mm (roin) peryear. Many 
of 68°C (-90°F). serpy ise | . < : —_ are so dry that there is a moisture deficit 
cae RES ee ee — ' andvery little vegetation. Deserts are 
* Vax thought of as hot and sandy, but there are 
A polar deserts as well. 
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HOT! Al Aziziyah, Libya 
Highest recorded 
temperature of 58°C (136°F). 





Examples: Arabian, Sahara, Gobi, 
Kalahari, Antarctic, Arctic. 






Temperate grassland 

These areas have no large trees, just 
grasses and shrubs. There are wide 
variations in temperature. Winter lows 
can reach -40° C (-40°F) and summer highs 
can go up to 38°C (100°F). Rainfall averages 
50cm (20in) per year. 





Examples: Prairies of North America, 
steppes of Europe, pampas of 






South America. 
HOT! Tirat Zvi, Israel 
Se! Highest recorded — 
temperature of 54°C (129°F). Tr opical 
grassland/savannah 


DRY! Wadi Halfa, Sudan 
Average annual rainfall of 
0.25Cm (0.1in). 


Savannahs have grassy areas with widely 
spaced tree cover. There is generally just 
one rainy season that can produce up to 
150cm (59in) of precipitation over the space 
ofas little as a few weeks. Average 
temperature is 30°C (86°F). 


Examples: African savanna, northern 
Australia, southern United States. 


Cold and ice 

Vostok, Antarctica 

Vostok Station is a Russian research 
station at the southernmost Pole of 
Cold. The coldest air temperature 


DRY! McMurdo D 
recorded was at Vostok, at -89°C Valleys, pariitcbed 
(-129°F). Vostok is on the centre of Snow-free valleys that have 


Pane P : likely never received rain. 
the east Antarctic ice sheet, which is Pisa bioeib aesk 


one of two polar ice packs on Earth : WINDY! Welling ton, NZ 
and holds about 60 per cent of the Knownas Windy Wellington; 
Earth's fresh water. There’s no Sus up orca nye) 
moisture in the air, wind speed is 
high, and it’s at an altitude of 3,500 
metres (11,483 feet). Italsohasa 
night that lasts 130 days. All of this 
makes research very challenging. 
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How do jet 
streams work? 


They're a vital component in regulating global 
weather, but what do jet streams actually do? 


Ferrel cell 


~) Jet streams are currents of fast-moving air found 
Pp) high in the atmosphere of some planets. Here on 

= Earth, when we refer to ‘the jet stream’, we’re 
typically talking about either of the polar jet streams. There 
are also weaker, subtropical jet streams higher up in the 
atmosphere, but their altitude means they have less of an 
effect on commercial air traffic and the weather systems in 
more populated areas. 

The northern jet stream travels at about 161-322 kilometres 
(100-200 miles) per hour from west to east, ten kilometres (six 
miles) above the surface in a region of the atmosphere known 
as the tropopause (the border between the troposphere and 
the stratosphere). It’s created by a combination of our planet’s 
rotation, atmospheric heating from the Sun and the Earth’s 
own heat from its core creating temperature differences and, 
thus, pressure gradients along which air rushes. 

In the northern hemisphere, the position of the jet stream 
can affect the weather by bringing in or pushing away the 
cold air from the poles. Generally, if it moves south, the 
weather can turn wet and windy; too far south and it will 
become much colder than usual. The reverse is true if the jet 
stream moves north, inducing drier and hotter weather than 
average as warm air moves in from the south. 

In the southern hemisphere, meanwhile, the jet stream 
tends to be weakened by a smaller temperature contrast 
created by the greater expanse of flat, even ocean surface, 
although it can impact the weather in exactly the same way 
as the northern jet stream does. # 


Hadley cell 
This atmospheric cell is partly 
responsible for the deserts and 
rainstorms in the tropics. 


Tite Cee mee lates 


Currents in the jet stream travel at various speeds, but the 
wind is at its greatest velocity at the centre, where jet 
streaks can reach speeds as fast as 322 kilometres (200 
miles) per hour. Pilots are trained to work with these 
persistent winds when flying at jet stream altitude, but 


wind shear is a dangerous phenomenon that they must be 
ever vigilant of. This is asudden, violent change in wind 
ohbccrerm(o)eu-beleusjelcrsLemmat-lme-bemer.|ejolcjemsen-velon-baelenelommelcn (cit 
stream, affecting even winds at ground level. Asudden 
gust like this can cause a plane that’s taking off/landing to 
crash, which is why wind shear warning systems are 
equipped as standard on all commercial airliners. 


070 
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Hadley cell 


SJE] 8) te) e)(or=|B (a1 
aM atesxemiV/lale\sir-laceaglecovamalle| steve 
in the atmosphere than their 
ole) fe] mexelUlnik=\g0)-| a tceer-|mr-]c0)Ulare| 
17,000m (55,000ft). 


Earth’s jet streams 


A closer look at some of the invisible phenomena 
that play a major role in our planet's climate 
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Southern polar jet 
The southern hemisphere’s 
s(eimcitnsyelaanaulacce-lcelelare 

the circumference of the 
Antarctic landmass. 










Se ene The highest terrestrial wind speed ever recorded was in April 
k, rr} Sh 1934 on Mount Washington, USA, where a very strong jet 
BLOW ME DOWN! stream descended onto the 1,917m (6,288ft) summit. 


(DID\W,OU/KNOW?2 






- Northern polar jet = jOnaes 
Travelling west to east Where 1IS the 
around the northern cs 
hemisphere, it helps keep jet stream? 
northern Europe temperate. Alayer-by-layer breakdown of 

delay ots Dadeuce-luasle)sje)elaacrsbelel 
whereabouts the jet stream sits 


Ultra-high altitude wind 


Karmdn Lineboundary afspoce 


Mesosphere 


Ferrel cell 

These cells are balanced by the 
Hadley and polar cells, and 
create westerly winds. They are 


sometimes referred to as the licejelesyejatcii=! 


‘Zone of mixing’. - 


Polar cell 

These north-south 

circulating winds bring 

Takexe)(oWr-limicelaamears Everest 
ligctevalalen ere) (sc¥-late| | 

produce polar easterlies. 
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Understanding La Nina 


La Nina explained 





How this Pacific Ocean phenomenon is responsible for weather extremes 


) La Nina is defined by 
unusually cold ocean 
temperatures in the 
equatorial Pacific. It’s caused bya 
build-up of very cool water in the 
tropical Pacific, which is brought to 
the surface by easterly trade winds 
and ocean currents. This upsurge 
of water causes sea-surface 
temperatures in areas near South 
America to drop drastically. 

La Nina can trigger changes in 
rainfall patterns, atmospheric 
circulation and atmospheric 
pressure, having dramatic effects 
on the global climate. La Nina 
events are associated with 
cataclysmic flooding in Northern 
Australia. In 2010, they resulted in 
arguably the worst flooding in 
Queensland’s history, causing 
more than two billion Australian 
dollars’ worth of damage and 
requiring the evacuation of over 
10,000 people. La Nifia does have 
some positive effects, however, 
often boosting the South American 
fishing industry due to the 
upwelling of nutrient-rich waters, 
where fish populations thrive. 

Although our understanding of 
La Nina has grown, forecasting it is 
still difficult, even when 
combining the latest satellite and 
marine buoy data. Withsucha 
global impact, every effort is being 
made to find a way to predict this 
age-old phenomenon. ™ 





The devastation caused by La Nina in 
Queensland was unprecedented; 
thousands of homes were destroyed 






What happens during La Nina? 


See how a period of cooler sea temperature can have far-reaching effects 
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Normal 
year 





mt WR mrak trade winds Se —_— 
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Cold water 


Moist air rising 
Moist air rises from the 
warm water but cools once 
it reaches South America. 


La Nina 
year 


Increased rainfall 
Rainfall increases in the western 
Pacific due to low-pressure 
zones, but decreases over the 
eastern Pacific. 






Walker circulation cell 

This is the name given to the airflow seen 
in the tropics during normal conditions 
and La Nifa, but is reversed during El Nifo. 


Normal rainfall 

Rainfall in this location is 
common, but is less frequent 
than during La Nina. 


Normal trade winds 

These blow in the same direction 
during La Nina, but weaken or even 
reverse during El Nifo (where ocean 
temperatures are warmer than usual). 


La Nina trade winds 
During La Nina the equatorial 
trade winds become even 
stronger, warming Australian 
waters as they blow east to west. 


Stronger 
upwelling 

The stronger 
upwelling around 
South America 
causes deep, cold 
water to rise to the 
surface, providing 
nutrient-rich 
waters that boost 
fish populations. 








Cold water 


Equatorial thermocline 
La Nina results in the equatorial 
thermocline steepening, due to 
upwelling in South American waters. 


Warmer Australia 

In Australia, sea temperatures 
are found to be warmer than 
average during La Nina. 





Cooler South America 


La Nina causes the sea temperature 


around South America to drop, 
cooling by 3 to 5°C (5.4 to 9°F). 








The science of wind 


It’s invisible but we see and feel its effects every day, so just what is wind? 








Winds are the air currentsin 
Earth’s atmosphere that move due 
") to changes in pressure. When the 
Sun’s energy heats the surface of the Earth, 
the air mass overhead becomes warmer and 
less dense, which causes it to expand and 
rise. Air masses typically cover millions of 
square kilometres. Because there is now less 
air pressing down on the Earth, an area of 
low pressure develops. To maintain balance, 
the nearest mass of cooler, higher-pressure 
air automatically moves into the lower- 
pressure area to fill the gap. The movement 
of this air mass is wind. The greater the 
difference in air mass temperature, the more 
intense the wind blows. Remember, air 
always flows from an area of high pressure to 
an area of low pressure. 





































Low- and high- 
pressure zones 


1. Warm air rises 

Warm air molecules move around 
more than those of cold air. As the 
molecules now have greater orbits 
they also take up more space and so 
the mass of air expands. 


2. Low pressure forms 
Because there is now less air 
pressing down on the Earth, an area 
of low pressure occurs. 






4. Wind 


We can feel the movement of this 
cold air sinking beneath the rising 
warm air as wind. 


3. Cold air 


replaces warm air 

A colder air mass moves into the 
space that the warm air 
originally occupied. 
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| Supercell thunderstorms 


Supercell | 
thunderstorms _ strerstorm 


What turns a rainstorm into a 


Why do those blinding flashes supercell thunderstorm? 
and ominous rumbles occur? 


@) Thunderstorms are both 12, 200m / 
spectacular anda bit scary, ANVI i 40,000ft 



















J but what creates this 

awe-inspiring mix of rain, thunder 

and lightning? On warm days, hot air 

forms near the Earth’s surface. As hot air is 

less dense than cold air, it rises, pushing 
through the colder air above it. Eventually it 
cools enough for the moisture contained inside 
the air to condense. As the moisture in the air 
turns to liquid, it forms ice crystals. These ice 
crystals are dense, so they become heavier 


| 


0,000 


Thunder Fully charged 
than the updraft and begin to fall down The rapid heating and Water particles lose ’ 
through the cloud. As they descend toward expanding of the air electrons as they move 4 
Earth they thaw and becomerain. around the lightning through the cloud. 
6,100m 





t thunderclap. 
When the water particles move through the oe ee 


cloud, electrons are stripped from them. 
Positively charged particles sit at the top of the 
cloud and negatively charged particles remain 
at the bottom. This induces a positive 
charge on the Earth’s surface below, so 
the clouds are desperate to hand over 
their spare electrons. Once the charge 

has built up, the electrons from the 

cloud power toward the ground, 
discharged as a spark of electricity that we 
see asa bolt of lightning. As lightning can 
travel at a breakneck 160,000 kilometres 
(100,000 miles) per hour, it creates a lot of heat. 
This causes the air around the lightning to 
expand extremely quickly, creating vibrations 
that we hear as thunder. 

Supercell thunderstorms are formed when 
thunderstorms and high winds collide and 
combine, causing what is called a mesocyclone. 
This will often lead to a tornado forming, as the 
rapidly rotating wind combines with the 
updraft to create a weather system that pulls 
objects upward with tremendous force. High Lightning 

eet ; The negative 
precipitation supercells are the worst kind of eharge of thecloud ts 
them all, as the tornado is hidden behindawall attracted to the positive 
of water, making ittrickytospotandavoid.On charge of the ground. 


; ; Electrons get transferred in 
top of it all, the heavy rain makes flash floods a a flash of lightning. 
realrisk. 
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Mesocyclone 

This upward, rotating motion 
creates a mesocyclone, which 
forms inside the stormcloud. 


Moisture 
Moisture in the air 
condenses, bulking 
out the cloud. This 
steadily turns into 
ice crystals. 





Warm air rises 


than cold, it rises up 
through the 
atmosphere until it 
reaches the clouds. 


High winds 
If the storm meets 
high winds, the 


around the cloud. 


As warm air is denser 


updrafts pull the wind 


The stormcloud of a supercell 
thunderstorm is an impressive sight 


Different 


types of 
thunderstorm 


Single cell storms 

Single cell storms are the 
weakest kind. They usually last 
less than half an hour and don’t 
cause much damage because 
there isn’t much horizontal 



























- 
a: ets = Multicell cluster storms 
, oo —— You will see multicell cluster 
crs storms more than any other. 
— yes... ~~ _s: This is when several storm cells 
air above it is combine, acting at different 
Weitce eS  timesin the cycle, soas one 
ae —— stops raining, another begins. 
Tornado > =. ’ As they are all separate, though, 
RHE m@Zocyclone cafialeo strong ito) @otclolelsrse-Daswe-Vacm el 
= «forma tomado, which ca Se Scene 
-. Rain he eee es Multicell line storm 
~~. “The ice thaws and falls i) A long line of storms is called a 
‘as rain. If it doesn’t - a» multicell line storm. It’s also 
thaw, it falls as hail. ct hind known asa squall line and 
‘ fod - forms when a group of storm 
- J clouds are led along a route bya 
strong, sustained gust of wind. 
> Cold air on the outside of the 
eae he, system forces warm air rapidly 
as ie a upward, resulting in incredibly 
Viet cate heavy downpours of rain. 
Thunderbolt facts 
Hot! Powerful! Loud! Fast! 
‘ef yg Theairaround The five billion Thunder can Tornadoes can 
7 » lightning joules of energy be as loud as move at over 
a ™ heats toa inasingle ‘  120dB. This is 113km/h 
Pras scorching <= lightning bolt A loud enough (7omph), which 
2.7,760°C (50,000°F). This could fulfil a home’s to be heard over the is as fast as the highest 
is five times hotter than electricity needs fora crashing guitars ofa current speed limit on 
the surface of the Sun. whole year. rock concert. British motorways. 
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~ Acid rain 


Where does acid rain come from? 


We've all seen the effects of acid rain on limestone statues, 
but how does this damaging substance form? 


» All rainwater isa little bit acidic, 
because the carbon dioxide present in 
the atmosphere dissolves in water 
and forms carbonic acid. Stronger acid rain, 
however, can damage stone structures and can 


> 





Acid rain in action 


4. Acid rainfall 


When acid rain falls it can 
damage plant life, infiltrate 
waterways and erode buildings 
and statues. 


076 


also be harmful to crops, as wellas polluting 
waterways. It forms in the atmosphere 
when poisonous gases emitted by human 
activities combine with the moisture within 
rain clouds. 


3. Gasses dissolve 

Upon combining with the water vapour (water and 
oxygen) in the rain clouds, the gasses react to form 
weak but potentially damaging acid. Sulphur 
dioxide from industry becomes sulphuric acid. 


2. Wind 


The gases are carried on the 
wind to higher ground, 
towards rain clouds. 
















Fossil-fuelled power stations and petrol/diesel 
vehicles give off chemical pollutants - mainly 
sulphur dioxide (SO,) and nitrogen oxides (NOx) - 
which when mixed with the water in the air react 
and turn acidic. 


Oxidation of sulphur 
and nitrogen 


Sulphur 
dioxide (SO.) 
Thisis a by-product 
of heavy industry, 
such as power 
stations. 


Nitrogen oxides (NOx) 
These are released in car 
exhaust fumes. 


KEY: 

Blue: Nitrogen 
Yellow: Sulphur 
Red: Oxygen 





1. Acidic gases 
Sulphur dioxide and nitrogen 
oxides from industry and 
vehicles are released into 
the atmosphere. 
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Hailstones 


The balls of ice that fall to the ground, ruining crops, denting cars and smashing greenhouses 








Hailstones form in the upper parts of hailstone in half. Most hailstones are about the creating another layer of ice. As the hailstone grows 
freezing storm clouds which feature very size ofa marble, but can occasionally be as large heavier, it falls back down through the cloud, 
powerful convection air currents that as oranges. colliding with yet more ice particles on their way up. 
stretch up to ten kilometres into the atmosphere. Water droplets form inside storm clouds and are The hailstone can circulate around the cloud 
They consist of many layers of either clear, hardice, drawn upwards by strong rising air currents where many times, gaining more and more layers of ice, 
or softer milky snow, formed under different they turn into ice. On its journey up, anice particle until it becomes too heavy for the air current to 
conditions, which can be will bump into even colder water particles - they support. At this point it will drop out of the cloud 





seen ifyouslicea then stick together and gain in size and weight, completely, falling to earth. 


Hailstone formation 


f Circulating air 
f currents 
The movement of powerful 

Be: convection currents sends 
Vs water particles whirling up 
and down and up and down 

through the cumulonimbus 

cloud, where they fuse with 

other particles and gain in size 

until the stone is too heavy to 

remain airborne. 


Some hailstones can 
reach the size ofan orange / 


























Downdraught 

When the hailstone can no 

longer be supported by 

the rising warm air 

current, it will descend j 
with the falling cool air and 

drop out of the sky. 


Strong updraught 
The temperature at the base 
of the cloud is warmer than at 
the top, causing powerful 
rising air currents that send 
ice particles higher where it is 
colder. They collect more and 
more frozen particles adding 
to their size and weight. 
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~ Surviving floods 


How insects 
survive floods 


Discover what happened when flash flooding 
forced creepy crawlies to take to higher ground 


» This photo taken by the UK’s Department 
for International Development (DFID), 
following an unprecedented monsoon 
season in Pakistan, reveals the dramatic effect 
severe flooding can have on local environments. 
In July 2010 the same amount of rain that would 
typically fall in a decade fell in a week in southern 
Pakistan, and the water didn’t recede for months. 
The extent of the flood spanned an area the size of 
the UK and forced the local wildlife - including birds, 
animals and insects - to seek refuge on higher 
ground. Four months later something remarkable 
began to happen: all the trees and other plantlife in 
the region started to develop ghostly white veils of 
silk. Millions of spiders, as well as other bugs, were 
spinning webs in the trees high over the water. 
An interesting reported side effect of this unusual 
natural phenomenon was that, despite the fact the 
water was receding slowly and leaving massive 
pools of stagnant water, mosquito numbers 
remained relatively low. This was unusual because 
still water conditions are ideal for helping complete ~ . 
the mosquito life cycle. Authorities had therefore | 
expected the mozzie population to soar; instead 
numbers were down. The mosquitoes were thought 
to be getting ensnared in these blankets of silk. This 
positively impacted on public health by reducing the 
incidences of malaria in the area asa result. 
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STRANGE 
BUT TRUE 


Answer: 

Spiders can get airborne by spinning a single strand 
of silk and waiting for a breeze. When the velocity 
of upward air flow causes drag that exceeds the 
pull of gravity an arachnid can take off on the 
breeze, a phenomenon known as ballooning. 


EIGHT-LEGGED _ Pie ee 
ESCAPE ARTIST A Ballooning 5 Paragliding C Diving 
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SPACE 
WEATHER 


Discover the weather from outer space 








Wildest space weather 
Understand the craziest 


weather phenomena that 
occur in space 


What Is space weather? 
How does space have weather 
in no atmosphere? 


Why ts Venus so hot? 
Where does Venus’ high 
temperature come from? 


Solar tsunamis 
Learn about these mega- 
waves of energy 


Amazing Martian 
weather 

Weather on Mars: dust 
devils to carbon dioxide ice 
fans discovered 


| iy) 


Weather on Jupiter 

Find out about the weather on 
the largest planet and what is 
different to us 


Deadly solar storms 
How explosions on 


the Sun affect us here on Earth 


Solar tornadoes 

Discover the story behind the 
twisters that take place on 
the Sun 


Extreme space 
temperatures 

Get to grips with the highest 
and lowest temperatures 
recorded in space 


“Weather isn't just a 
phenomendg on Earth” 
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Jupiter’s Great ( 
Red Spot | 


One of the defining features of the Solar 
System’s biggest planet is a storm located about 
22 degrees south of the equator in the South 
Equatorial Belt (SEB), commonly known as the 
Great Red Spot (GRS). Astoundingly, the GRS 
has been raging for more than 4oo years, and is 
located at a higher altitude and measures 
colder than the surrounding cloud layer. It 
rotates anticlockwise, making one full rotation 
every six Earth days and is currently as large as 
two Earths across. The storm has shrunk by 
half its size in the past 100 years - at one point 
LESMOREs DeaCcincy ani toweslcrsfoiebaclem-im este) coma et-beWAemelele) 
kilometres (24,855 miles). 

The GRS is different from storms on Earth 
because the heat generated within the planet 
continually replenishes it. Hurricanes on Earth 
dissipate when they make landfall, but Jupiter 
is gaseous, so the storm rages on. Jupiter’s 
atmosphere is composed of cloud belts that 
rotate due to a system of jet streams. The 
northern side of the storm is bordered by an 
eastward jet stream and the southern side bya 
westward jet stream. These hold the storm in 
place as it makes laps around the planet. 

Despite the high winds around it, there’s 
little wind inside the storm. Its colour is 
probably caused by sulphuric compounds and 
varies from white to dark red, and sometimes it 
isn’t visible at all. These colour changes seem 
to correspond to colour changes in the SEB, but 
without any predictable schedule. 


Has lasted over 
wo 4,700X longer than 
Earth's longest storm 


In April 2013, the Cassini spacecraft imaged a storm on Saturn 
k on unlike anything seen before. At 2,000km (1,240mi) across, it could 
9 cover the UK over 12 times and had winds up to 530km/h (330mph). 


Dust storms on Mars 


Earth’s deserts have nothing on the Martian 
landscape when it comes to dust storms. The Red 
Planet is so dry, dusty and rocky that its dust 
storms can last for weeks. These storms develop 
quickly and can cover vast regions of the planet. 
Because the Martian atmosphere is so thin, 
superfine particles of dust rise in the air as heat 
from the Sun warms the atmosphere. Mars has 
such an eccentric orbit that its seasons are 
extreme; temperatures can be as low as -143 
degrees Celsius (-225.4 degrees Fahrenheit) and as 
high as 35 degrees Celsius (95 degrees Fahrenheit). 
During Martian summers, when the temperature 
swings the most at the equator, dust storms are 
more likely to develop. 


Dust storms ci stically raise 
the temperature, as the particles 
trap heat in Mars’s atmosphere 


Saturn’s hexagonal jet stream 


Jet streams are generally circular, but Saturn likes to 
be different. The Voyager mission made an especially 
interesting discovery in the early-Eighties when flying 
over the planet’s north pole. It’s surrounded by a jet 
stream that’s not circular but hexagonal. Each side 
of this immense hexagon is estimated to be 
Fe] ce) 0/ aie koMOLO10M \¢](o)gal-innziom CMG YA manli(=>) Mm (elale] 
and it has a 30,000-kilometre (18,640-mile) 
diameter. It surrounds a vortex and 
rotates at the same rate as Saturn (a day 
ola ley=] (0) gam icw-]eelUiamn=)al-]aem-Mar-lim alee] a) 
Tae) ce(=]ankon=>.40)t-][amualicmelalersiere) 
feature, University of Oxford 
physicists re-created it ina 
Fe] ole) @=1 ke) AVM al=\VmUboo\e Wr envd [ale (=) axe) i 
water to serve as the planet’s 
i uaaloss)elalqlaomiiiuamem dlaremiarsi(e(-m imine) 
represent the jet stream (with 
green dye to make it visible). The 
oad [Ta lel=lanyi'c- Kom 8) t-lexs\e me) alr- Be) e)ialaliate| 
1t-] 0) (slate mual=Malalems)elUlamicisiasle 
than the water. The faster the 
ring spun, the less circular the jet 
stream became. By varying the 
is} oleXeXe ire] ale mual=Mellaiclas)alexsts) 
between the rotations of the water 
late mual-Malarepmellaicias)almci are] elcts 
appeared. So the theory is that the 
rate at which this particular jet 
stream spins in relation to the 
Saturnian atmosphere is what leads to 
i a{smeoye(em at=>.¢-lele)al-] merelelemie)gant-1a(e)ar 





What role does 


the Sun play in 
Space weather? 


There are numerous factors that affect 
weather on each planet in the Solar 
System, but they all have one thing in 
common: the Sun. Two main types of solar 
activity take place in the Sun's atmosphere 
that have far-reaching effects. Coronal 
mass ejections (CMEs) and solar flares can 
wreak havoc ona planet. CMEs are bursts 
of magnetic fields and solar winds that 
release matter and electromagnetic 
radiation. Solar flares are massive bursts 
of light and energy that release atoms, 
ions, electrons and radiation. ACME 
usually follows a solar flare. 

These energy surges from the Sun can 
result in solar energetic particles (SEPs), 
highly energised particles including 
electrons, ions and protons that can travel 
as fast as 80 per cent the speed of light. 
SEPs and other matter and radiation that 
reach Earth cause geomagnetic storms 
that can have a variety of effects. 

They cause the stunning polar auroras, 
but other effects are less desirable. In the 
case of solar flares, there’s an increase in 
the amount of UV radiation in the Earth’s 
atmosphere, which can affect the 
movement and longevity of satellites by 
making the atmosphere denser. They can 
cause interference and disruption of 
communications and navigation on the 
surface, while particles from flares can 
damage delicate electronics on satellites or 







the International Space Station. They can 
even cause changes in the Earth’s climate. 


You Can find out whether it 
raifs any other gems in space 
in‘Brain Dump on page 84 


The outermost planet in our Solar System has some 
seriously extreme weather in general, but what really 
blows astronomers away is its wind. In fact, Neptune 
is home to the strongest gales anywhere in the Solar 
System, topping out at over 2,100 kilometres (1,300 
miles) per hour - about the speed of a fighter jet. By 
foxo)an) ey<] aisxe) nau [ale|selal =t-] duame(=)al=)e-]|\Vaant-p.@ele)] mr] m-1016) 
kilometres (250 miles) per hour. These powerful 

AV alesse ale)VoWlam-Me||qcvo1d(e)ame)e)eley-)] (om ige)anmualcmae)i-la(e)a| 
of the planet. There are two different theories for 
what causes these winds. One idea is that although 
they’re very powerful, these winds remain high up in 
the atmosphere, in a layer no more than 1,000 

aiCoya ated cet (ol 010m anli(=s-) man) (o1.@mm Mal icmanlst-lacmaarlmmaars 
processes causing these winds are also shallow, likely 
(o [Ul KomualeMexe) ale (sl alcy-1a(e)am-] are m=\\s-] ole)e-14 (ea me)mante)cjuela=) 
in the atmosphere. The other theory is that these 
processes are much lower in the atmosphere, caused 
‘oNVmualewaal=lc1el ale me) malcom acto] melslaiie-]eale mage aamiviiaaliamual= 
planet as its core shrinks as it meets the extreme cold 
at the surface (below -200 degrees Celsius/-328 
degrees Fahrenheit). If the winds do prevail deeper 
into the atmosphere, they may also be so intense 
because the planet’s featureless surface contains 
ave)a ali aremmems) (ou vmnal=)aame(e)iian 





ii atew-10]q0)e-Kome)am =t-|al ame |=) aro (e)me)m-1an-)alu(e)smce)mualcl ia 
beauty, but Jupiter has auroras larger than the entire 
Earth. In fact, they produce nearly a million 
megawatts of energy! And unlike Earth-based 
auroras, they’re always happening. On Earth, the 

fe ]alume is} ®) tease] @=Mer= | Uss{o\e Mm o\ Vaio) l-] mike) da nice olele 
Jupiter’s auroras are self-generated. As the planet 
rotates, it generates electricity at its poles and 
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Jupiter’s auroras have been 
described by some scientists 
as ‘northern lights on steroids’ 





Jupiter’s electric auroras 





Saturn’s diamond rain 


Some researchers believe that lightning storms on 
Saturn could result in diamond precipitation - as 
much as 1,000 tons each year. The theory is that 
lightning zapping the methane in the atmosphere 
releases carbon atoms from the gas. These carbon 
atoms stick together and drift down towards the 
planet’s core. As the pressure and temperature 
mount, the carbon is compressed into graphite and 
eventually diamonds that could be as big as a 
centimetre (0.4 inches) in diameter. 

However, when the diamonds reach the core - 
where temperatures can be as hot as 7,/27 degrees 
Celsius (13,940 degrees Fahrenheit) - the 
gemstones would melt into a liquid state. 

















5x stronger than 
gusts on Earth 





forces charged particles (ions) into the atmosphere, 
which causes a reaction that results in beautiful 
fe] siamo Ks} ©) Fe \Vacem ©) a (om ole) K=)n1ur-] mse) 0 | cex= ce) au eal=m (e)acM iS) 
Jupiter’s moon lo, but scientists aren’t quite sure 
how this happens. Ultraviolet images of the auroras 
reveal not just their blue glow, but also three blobs 
(o) (ea) ea Mal tsi=ro] com rll Coto] amaniele) arse (OMmCT-laNYinatcvelsmelale 
Europa as they interact with Jupiter’s magnetic field. 





























You’d melt 


You’d smell funny C Nothing 


Answer: 


Although rain on Venus is corrosive sulphuric acid, the 
surface heat is so intense (480°C/900°F) that the rain 
evaporates before reaching it. Of course, acid would 


be the last of your worries with that intense heat and a 
surface pressure 90 times greater than Earth’s! 





Titan is home to 


methane rain 


Titan looks Earth-like thanks to its abundance 
of lakes, rivers and clouds. But appearances 
can be deceiving; instead of a water cycle, 
Saturn’s largest satellite has a methane cycle. 
Seasonal rains fill the moon’s basins, the 
contents of which evaporate and condense into 


clouds that once again release rain. 


Titan’s methane 
cycle in focus 


Titan has a methane/ethane cycle that 
follows the seasons, similar to the monsoon 


rains in some places on Earth 


Precipitation 
Precipitation in the form 
of methane rain falls and 
fills the lakes, starting the 
cycle again. 


Surface lakes 
The massive lakes on the 
surface of Titan are 


mostly clustered near its 
north pole and are 
relatively shallow despite 
having a great expanse. 

















Cloud formation 
Emissions from the 
volcanoes and vapour 
from the lakes rise and 
condense into clouds. 


Volcanic degassing 
Methane gas is released 
from the moon’s interior 
through volcanic activity. 


Evaporation 
The methane and ethane 


gases evaporate from the 
lakes as the seasons 
_ change on Titan. 
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What Is 
space 
weather? 


There’s no atmosphere in 
space, but it still has weather 


§ Just because we have an atmosphere 
| here on Earth, it doesn’t mean we have 

“= amonopoly on weather. Outer space 
has weather of sorts too, and it’s driven by the 
same source - the Sun. When we refer to space 
weather, we're generally talking about what’s 
Jakz}o)oxcvepuetemevemmalcmolenen-belomntset-umuelcucre)t-bannvanelel 
is doing. At key points during its 11-year solar 
cycle, the Sun releases billions of tons of solar 
material in what is called a coronal mass 
ejection (CME), which can cause huge magnetic 
storms around the Earth. This can make for an 
impressive northern and southern lights 
displays known as auroras. & 
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Why is Venus 
so hot? 


The hottest planet in | 
the solar system’s 

runaway greenhouse 

effect explained 


With asurface temperature of 462°C, 
2 Venus is definitely not the ideal holiday 

destination. Its unique climate 
contributes to the most powerful greenhouse 
effect in the solar system, with an atmospheric 
pressure 92 times that of Earth. It’s thought that 
billions of years ago the planet was much like 
Earth, witha significantly lower temperature and 
vast oceans of water. However, its proximity to the 
Sun meant this liquid water evaporated into the 
atmosphere. This in turn sublimated carbon in 
rocks and mixed with the oxygen inthe 
atmosphere to form carbon dioxide, which now 
accounts for about 95 per cent of the atmosphere. 
This is known asa ‘runaway greenhouse effect’, 
as the creation of more carbon dioxide in the 
atmosphere released more carbon from the 
ground, repeating the process. Only 10 per cent of 
incoming solar radiation reaches the surface, but 
almost all of this stays trapped inside the 
atmosphere, giving rise toa temperature 
difference of almost 500°C between the surface 
and the cloud layer. 































Ancient volcanoes 
™ contributed to Venus’s 
| atmosphere and might 
still be erupting today. 
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Solar tsunamis 


The mega-waves of energy that tear across the Sun 






Solar tsunamis, also knownas The tsunamis are formed when the Sun 
gy Moreton waves or fast-mode emits a coronal mass ejection (CME), a massive 
magnetohydrodynamic (MHD) burst of solar wind commonly associated with 
waves, are surges of material sent crashing solar flares. Around the ejection pointa 
across the Sunas the result ofa solar flare circular wave extends outwards in all 
being launched into space. They can travel directions travelling at a super-fast rate. 
up to an incredible 1.6 million kilometres In February 2009, the two STEREO 
(1 million miles) per hour. spacecraft watched as a billion-ton cloud of gas 
Solar tsunamis are made of hot plasma and was hurled offthe surface of the Sun froma 
magnetic energy. The first was observed by CME. The result was a solar tsunami that 
Gail Moreton in 1959, and since then several towered 100,000 kilometres (60,000 miles) high Solartsunamis can 
more studies have been conducted on the speeding across the star’s surface at about is thom hl. 
. : . : from the exit point 
phenomenon bythe Solar and Heliospheric 900,000 kilometres (560,000 miles) per hour. offi colarflare aa 
Observatory (SOHO) and the Solar Terrestrial Estimates indicate it contained the same ejected into space 
Relations Observatory (STEREO) spacecraft. energy as 2.4 million megatons of TNT. 
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Amazing Martian weather 


From dust devils to carbon dioxide ice fans, Mars sees some weird phenomena 


Martian dust devils are one example 
of the unusual weather found on the 
Red Planet. A dust devilisa ‘skinny’ 
whirlwind that on Earth forms when hot air 
near the surface rises rapidly through a pocket 
of cooler, lower-pressure air and begins to 
rotate. This creates a spinning column of air 

— typically 10-50 metres (33-164 feet) in height - 





that has enough energy to suck up surface dust. 


Martian dust devils are ina different league 
to those on Earth. Typically 50 times as wide 
and often several kilometres high - as well as 
boasting intense rotational energy that can 
suck up vast quantities of dust and rocks - dust 
devils on Mars are more akin to super- 





olen Quiles lelaalslalsow-lale Melly: 
Fe] comoxe) | (=Yoaneom ice) nam \V/t-] 6o¥) 
surface and transported to 
its farthest reaches by 
powerful jet streams 


tornadoes. Indeed, they are so powerful that 
they leave a visible trail of chaos in their wake, 
in the form of huge snake-like streaks. 

Talking of dust, the dust storms on Mars have 
the ability to shroud the entire planetina 
violent gauze of particulate matter moving at 
145 kilometres (90 miles) per hour-plus that can 
reduce visibility to less than five per cent of 
that under normal conditions. 

These epic storms form in the planet’s 
southern hemisphere during the spring and 
summer seasons. Activity is first heavily 
localised, however when the amount of carried 
dust reaches a critical quantity, the storm 
rapidly intensifies and spreads, carried to the 
far-flung reaches of the Red Planet through 
strong jet streams at speeds commonly in 
excess of 100 metres (328 feet) per second. 


Another prominent feature on Mars that is 
driven by its seasons is the sublimation (rapid 
vaporisation) of carbon dioxide ice near the 
planet’s surface. This occurs when Mars’s 
seasonal winter caps of frozen carbon dioxide 
are quickly heated and transformed into 
vapour in spring. The gaseous CO, then escapes 
through gaps in the ice, carrying dust with it, 
and is spread by local winds over the surface, 
often into distinctive fan shapes. 

Mars also has clouds like Earth. These 
clouds, however, generally form much higher 
in the atmosphere than ours (ie 80-100 
kilometres/50-62 miles up) and are made of 
carbon dioxide. They are also very faint, 
resembling mesopheric clouds, and can only 
form around minuscule grains blown high into 
the atmosphere during dust storms. “ 


Martian dust devils cruise 
across the planet’s surface, 
leaving a serpentine tail of 
dust and rock in their wake 


140,000km 6iiiet: 
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The forecast: is. raging storms nate | swirling winds 


1 “ ra 
* if you've ever moaned about the - 
weather, then you can count yourself ~ 
men lel qvanot-im(elemeleemmbaycneyel Jupiter. The 
majority of the planet is formed of hydrogen and 
helium gases. The.clouds, however, are made up | 
ofammoniaice'crystals. * 

* * . The temperature range on Jupiter is pretty 
incredible. The clouds that hover above the 
surface of the planet area freezing -145 degrees 
Celsius (-229 degrees Fahrenheit), but as you 


* Fahrenheit). And if that.doesn’ t sound quite bad 
cy eloye red emma elsyemaels weather conditions on the 
Surface of the planet are almost guaranteed to | 
put you off. « | : 
“We spoke to expert Pedram Hassanzadeh, an 
Environmental Fellow at Harvard University:. 
“The atmosphere of siehovixsy a etstsmanye) prominent 
visikle features”, he explains. “These are strong 
winds that form multiple jets of alternating 
direction between the equator and the poles, 
move closer to the core it reaches a scorching and hundreds of hurricane-like swirlingwinds , 
35,000 degrees Celsius (os Merele) eure known as vortices. The average speed of the jets 


* — 


’ Temperature ee 


The temperature of Jupiter = 
for-]ame-]ale(=mice)anm-mevalli\ 
-145°C (-229°F) toa 
10] oY=) ca (0) tom ©] 0] Oba @ 
(63,000°F). 














Composition — 
The majority of 
Jupiter is made 
Wyo) m ahvelgele (=i 
and helium gas. — 


= 


It’s thought Jupiter 
could potentially 
have a solid or 
iaate)ikcla mere) «=m 


Na aleateyalte me asi ee] 
Above the surface of 
Jupiter is a thick layer of 
foa(oluleMant-le(omelone)i 
elanlaale)alte (exci aVsc1 ie] oe 


VVaTave omeyamaar= planet can 
reach up to 7OO0km/ —_ 
(435mph), driven by the 
rotating jets. 


16,500km §85438P 
§ 36Oken/ h tempera 


Jeather on Jupiter — 


average speed is about plore) kilometres [ee miles) 


Rd eXcwaebatecaoloyesed photcmnvenatetce-valomenc-bent-lale 
~ tornadoes, you are still keen to visit Jupiter, 


planet kind of hard.” # a 
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can be more than 360 kilometres (224 miles) per 7 
JaXo)0b om we) aeoyenler-batsye)epm etc banemet-Fomary(one)ceeebeel-)0| amma 
eastward jets in each hemisphere and their ° 


per hour.” 
If, having seen the wild temperature changes, 


Js Eetsict-bevAclolsew etek one more word of advice for 
any: potential tourists: ‘Jupiter does not havea 
solid surface, which would make life on the. 





i i 
-.  Vortices 
The winds swirling in 





~<a * = opposite directions” 
te create vortices, . 
—. which are rapidly pe 
“<i rotating tornadoes. 
* sy 


Rotating jets | 
Jets of wind move in 
Flikelgareiuiareme||a-voil le) aise 
whipping up storms such 
as the Great Red Spot. 
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Discover why huge explosio ni 
from the Sun can cause major 
problems on Earth 
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-) Weather isn’t just a 
jo)atsyalevantsvelevewiovm@ar-banek-mu 
\ = atmosphere; there’s an entirely 
» “* — different type of weather occurring out 
be * * inthespace between Earth and the Sun, 
“__~ — “thanks to changes in the latter’s 
= magneticactivity cycle. Among other 
things, this cycle modulates powerful 
r > outbursts from the Sun’s surface that 
% le F KetboWelcace-Roeba=rembsnley-(emeenelve@ehyace 
yeu These are knownas geomagnetic, or 
so) Feb @msi ke) 80 TSE 
Solar storms can also include a wide 
range of related phenomena, including 
-* ™ auroras and electromagnetic emissions 
as wellas solar energetic particle events, 
solar flares, and coronal mass ejections. 
Some of these have little effect on Earth. 
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Black hole sun 


The Sun gets holes in its 
corona. These areas are darker 
and colder than the surrounding 
area and have open magnetic 


field lines, allowing for solar 
wind to develop. 


Solar minimum 
When the Sun is quiet during the solar 


minimum, the surface of the Sun 
sometimes goes for hundreds of days 
without a single sunspot. 





. - 
° & 
* a ‘ a * 
os s 
2 ; 
ep \\(o) m0 este) Eebacineyessts 
affect Earth 


For example, charged particles driven 
into the Earth’s upper atmosphere by 
solar wind impact with atoms and 
create the beautiful, luminous glow ° 
known asthe aurorasinthehigh- : 


. latitude areas of the Northern and 


Southern Hemisphere. However, not 
all space weather phenomena is 
innocuous - some can even be fatal. A 
solar proton event (SPE) has the ability 
to endanger the life of astronauts. 
SPEs are a type of cosmic ray that 
occurs in conjunction with other solar 
storm phenomena such as solar flares. 
Comprising electrons, protons, and 
heavy ions that are extremely high- 
energy, some SPEs can be as fast as 80 
per cent the speed of light. The 


Solar tsunamis 


as 1,500 kilometres (932 
miles) per second. 


Solar maximum 


Solar flares generate massive, 
fast-moving shock waves on 

the corona known as Moreton 
waves. They can move as fast 


Loop the loop 


Cooled plasma can loop 
700,000km (435,000 mi) from 
the Sun’s surface in a formation 
known as a solar prominence. 
They can break off and form 
coronal mass ejections. 





During this period of high solar 


activity, the number and 


frequency of sunspots and solar 


flares is at its peak. 





Magnetic field lines 
North and south magnetic field 
lines break through the Sun’s 


= surface near sunspots and 


Coronal mass ejection 
and solar flare 

The energy released is millions of times 
greater than a volcanic eruption, 
resulting in CMEs and solar flares 
(clouds of highly charged atoms, ions 
and electrons). 





reconnect in loops, resulting ina 


massive burst of energy. 





resulting radiation can damage DNA 
and increase astronauts’ risk of 
cancer and other diseases. At high, 
prolonged doses, exposure can lead to 
death. In addition, the sensitive 
instruments on spacecraft can be 
affected, causing problems with | 
navigation or power. Very high-energy 
solar proton events can theoretically 
even harm passengers on high- 
altitude aircraft flights. 

But what happens when an event 


’ Has adirect impact on us here on 


Earth? A coronal mass ejection (CME) 
occurs when the Sun releases a huge 
burst of charged particles known as 
To) EDaiisnelomeUloercanisiseme)(-tjeet- m= Devel 
radiation, from a cluster of sunspots. 


Depending on the velocity at which it 
siVecksw a) (atehsyore Mars ULV A om ersbamasts(@emu als 
Earth’s magnetosphere, or magnetic 
field. The highly charged particles of 
solar wind can be powerful enough to 
cause a shock wave and disturb the 
magnetosphere. The resulting release 
(oymoltctjanteRsbelewecleptclaleyammnisebl(epeleys 

Joy (o) CoyeaterVUhramotsbarxsaelersn (elena 
atmosphere absorbs the most” 
Jaksbassvavde-Cootclaloalmecbemettsvanyels 


» everything from power grids and oil 


drilling on the ground to 
communications and GPS satellites in 
the atmosphere. as 
In 1859, the largest solar storm ever 
» recorded hit Earth. Named the 
Carrington Event in honour of the « 


Parker spiral 


Thanks to the influence of 
solar wind, the Sun’s 
magnetic field takes on the 
shape of an arithmetic spiral 
as it rotates and extends 
throughout the solar system. 


Somersaulting Sun 


During the solar maximum, 
the Sun’s poles switch - the 
north pole points south and 
vice versa - as increased 
sunspot activity causes its 
magnetic field to change. 


“All Images © NASA 


y~ Solar 
>’ Flare 


astronomer who first viewed it} this 
storm started witha solar flare. This 
led toa CME that travelled to Earthin 
18 hours (as opposed to the three or 
four days that they typically take). 
Because we're so reliant upon high- 
tech electronicsystems, powerful . 
solar storms like the Carrington Event 
have the potential to cause serious 
damage. Subsequent storms have had 


' serious effects. In 1960 there was 


another solar storm that caused 
widespread radio blackouts. A more 
intense storm in 1989 left 6 million 
joXexe)o)(=pbamuelsKor-bac@uem@occlolcleanisalcvans! 
power grid failed —- but we have yet to 
experience another superstorm like 
thatin1859. # 


2 O91 








netic su 











* 


Solar wind 
To) =) amills | asics) ale mere) cela ts) This continuous stream of charged 
mass ejections particles from the Sun pushes matter to 
These two of the most powerful solar Earth, approximately 150 million 
henomena can release the same kilometres (93 million miles). 


as millions of 1OO-megaton 
ranoye)aaleyse 


Sun 

Solar storms occur when 
vagal active areas of the Sun 
located around sunspots are 


superheated, ejecting masses of 
plasma, gas and charged particles. 





‘CMEs con release 100 billion kilograms 
of highly charged particles” 
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».  Super-strong 
“™.. storms. 


$ Solar storms and the resulting . 

phenomena can be amazingly 
powerful, especially solar flares and 

= coronal mass ejections. Solar flares and 
CMEs can release the same amount of 
energy as millions of 100-megaton 
Jah¥obceyex=)e mele) snleon=>.¢0) (orebnaree-1meye lcm Wal 
largest ones emit up to 1032 ergs, which 
is10 milliontimestheenergyreleased »' 
during an average volcanic explosion on 
Earth. CMEs can also release 100 billion 
kilograms (220 billion pounds) of highly _" 
charged particles ataspeedof1,000_ ,* The largest solar storms emit1o million times 











kilometres (621 miles) per second. . more energy thana volcanic explosion 
, . ‘ . i : Pt c 
4 a ‘. * i m 
092 , ’ 
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1. Ultraviolet 
radiation 


Exposure to UV rays can 
cause skin cancer, including 
melanoma, which accounts 


for 75 per cent of skin 
cancer deaths. 





Earth 


Depending on the strength of the 
solar flare or CME, it can take up to 
three days to reach Earth. 


* » 


Auroras . 
WMarcakent charged particles interact 





deflected towards the poles and 
down into the atmosphere. 


* 





Magnetosphere 
The magnetosphere shields Earth 
from the most deadly effects of solar 
. storms, deflecting the charged 





3. X-Class 
solar flare 

An astronaut standing on 
the moon during these 
strongest of solar flares 
could die instantly from 
radiation poisoning. 


2. Electromagnetic 
radiation 

The loss of power and 
communications from a severe 
solar storm has the potential to 
Cause numerous deaths around 
the world. 


(O} (sa rXerere) 





Super solar — 
storm effects | 


Ss 
The Carrington Event,themostsevere. _ prevents reflection, rendering radios 
solar storm ever recorded, wreaked useless. Air heated by intense 
havoc from 28 August to 2September . ultraviolet emissions would rise and 
1859. Telegraph systems in North increase the density of the gasses in e 
America and Europe were disrupted Ko) iva) ot-Dad ome) ae)iomolbianneremene-teaeel 
by the powerful electrical currents. satellites stationed there and causing ‘ 


They electrocuted telegraph operators, «, them toslow down or even fall out of 
while snapped wires sent out sparks orbit entirely. The flood of charged ions 


with Earth’s magnetosphere, they are 


- and set fires. Intense red and green 


auroras were reported in places they'd 
never been seen before, including the 
Rocky Mountains and the Caribbean. 
Astorm like the Carrington Event 
would have a much greater effect on 
our society. Radios, for example, rely 
on reflections of waves off the ionised 
gas in the Earth’s ionosphere. Intense 


and electrons would also cause 
electronic overloads, either damaging 
or disabling the satellites entirely. 
Electronic currents entering power 
bbatersxeco)eleMeyr(craleyslomnesbercjioyens(svacrsbalel 


» generators and blow them out. Travel 


would come toa standstill as planes 
would be unable to navigate and 
power grid failures could leave people 


. © Mobile phone tower failures 


particles away from the planet. e 


radiation disrupts the gas and in the dark for weeks or even months. 


ae 
The main effects ry Auroras are just one of many 


effects ofa solar superstorm 


a solar superstorm 
ANG] ce): ae ; 7 
e Radio and TV blackouts 


e Astronauts and satellites at risk 
e Power grid failure 








e Networks offline | 
e Phantom currentsin power lines | | ! | |, debe 
CMa relee\iyclacmerclaatele (=e, . ‘ be jal 
e Air travel crippled = * + =e 
eBankingsystemsdown. ~° & ——— “ _. 
. . : _ ' 

e Exploding gas lines Sas . - 
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Between NASA, the US Air Force, the ESAand 
JAXA, there are 16 different heliophysics 
missions currently in operation 
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Solar tornadoes 


The story behind twisters on the Sun, a thousand 
times larger than their Earthling counterparts 


A gigantic sphere of hydrogen plasma 
(ionised gas), our Sun is by far the most 
~ dominant body in the Solar System and 

one of its most visually intense events is the solar 
tornado. These twisting magnetic fields are 
between 100 to 1,000 times larger than what we're 
used to on Earth and have been observed ata 
gigantic 70,000 kilometres (43,496 miles) tall. It 
has been calculated that over 11,000 of these 
phenomena are on the Sun’s surface at any time 
and they are believed to potentially be the source 
of heating for the outer reaches of the Sun and 
could contribute to auroras on our planet. 

Solar tornadoes differ from Earth-based 
twisters because they are comprised ofa 
magnetic field of plasma. They are more 
frequently spotted around the Sun’s equator and 


4. 
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poles, as this is where magnetism is most 
prominent. They exist on other stars as well as the 
Sun, burn at over a million degrees Celsius (1.8 
million degrees Fahrenheit) and have swirling 
speeds of 10,000 kilometres (6,213 miles) per hour. 

They appear in clusters and their main function 
is to heat the star’s outer atmosphere by moving 
energy from the surface to the uppermost layer, 
the corona. They generate 100 to 300 watts per 
Square metre (10.8 square feet) and are believed to 
be the reason for the corona’s heat production, 
which has puzzled scientists and astronomers for 
generations. Observations from the Swedishim 
Solar Telescope in 2008 have increased our 
understanding of how nature heats magnetised 
plasma and how the ‘chromospheric swirls’ we 
can see are the result of the tornadoes. 


The Swedish 1m Solar Telescope 
discovered chromospheric 
swirls, the visible sign of 

inatele| aiid (om Ke) at-Le(elets 


Why ts the corona so hot? 


A curious anomaly of our nearest star 
is the fact that the corona, an aura of 
plasma surrounding the star, is hotter 
than many other areas of the Sun 
closer to its core. The corona can get 
up to two million degrees Celsius (3.6 
million degrees Fahrenheit) while on 
the surface it is a measly 5,500 
degrees Celsius (9,932 degrees 
Fahrenheit). Scientists and 
astronomers have long been 
perplexed by this but some new 
theories might explain why. Recent 
notions reason that heat is injected 









Fiery atmosphere 
In 2012, small-scale 
magnetic tornadoes were 
discovered in the corona 

- where temperatures can 
reach over a million degrees — 
- as well as the photosphere. 















Gas twisters 
The rotating magnetic 
fields of the Sun 
generate the ionised 
gas twisters, creating 
its spiral shape. 










into the corona by wave heating from 
the core. As the corona is dominated 
by magnetic fields that are constantly 
connecting and engaging with each 
other, a convection zone is created, 
which releases high amounts of 
energy and heat. Solar tornadoes are 
linked to the plasma’s astonishing heat 
levels as they contribute to coronal 
mass ejections (CME) and the solar 
winds in the Sun’s atmosphere. To 
discover more, NASA has planned a 
mission known as the Solar Probe 
Plus, which is pencilled in for 2018. 


Solar flare 


A massive magnetic energy 
release on the Sun’s surface, a 


Coronal mass ejection Sunspot 


An eruption of solar wind 
caused by magnetic 


solar flare shows sudden instabilities, CMEs can cause temperatures of around 
concentrated brightness and electrical problems to 3,500°C (6,330°F) and can 
emits huge amounts of satellites and the Earth’s reach over 50,000km 


radiation into the Solar System. magnetosphere. (31,069mi) in diameter. 
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Solar power 
This image illustrates a 
giant solar tornado 
rather than a smaller 
chromospheric swirl. 
The latter were only 
discovered in 2008 and 
had only been 
observed in the 
photosphere until 2012. 
















Far-reaching 
This twister extends all 
the way through the Sun’s 
atmospheric layers from 
the convection zone all 
the way to the outer 
teaches of the corona. 












» Spiralling out 
of control 
Like on Earth, solar 
tornadoes have a 
narrow funnel at 
the bottom, which 
widens as it rises. 


A relatively dark and cool area 
of the photosphere, they have 


Geomagnetic storm 


Caused by CMEs and solar 
flares, radiation-charged 
particles affect the Earth’s 
magnetic field and cause 
auroras in the North and 
South Polar regions. 


e 


Solar prominence 


Similar to a solar flare, solar 
prominences are loops of 
unstable plasma that extend 
from the surface to the 
corona, adding to the Sun’s 
already vibrant appearance. 


© SST/ISP; Wedemeyer-Boéhm et al; NASA/SDO 
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The highest recorded temperature on Earth was in the Lut desert in Iran, when the mercury hit 70.7°C 
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Weirdest weather 
Understand the craziest 
weather phenomena to hit 
planet Earth 


How the seasons work 
Learn about what makes the 
Earth's seasons so different to 
one another 


How the Arctic Ocean 
freezes 

What's the science behind this 
huge expanse ofsea freezing? 


The carbon cycle 
What happens to the air that 
we breathe? 


How does wind erosion 
work? 

Witness the power ofthe 
wind to carve out dramatic 
landscapes 


Atmospheric 
temperature 

Why does the air temperature 
fluctuate with altitude? 


Clouds that shine 

at night 

How are noctilucent clouds 
formed high in the Earth's 
atmosphere? 


Mammatus clouds 
How do they warn us of 
incoming tornadoes? 


How is dew formed? 
How does this dampness form 
on the ground? 


What are Von Karman 
vortices? 

Understand the science 
behind these mind-boggling 
cloud formations 


How do waterfalls 
freeze? 

Learn about what's behind 
moving water freezing? 


Why do we get red sky 
at night 

Red sky at night, shepherd's 
delight. Is their truth in this 
old wives’ tale? 


What ts wind-chill 
factor? 

How do we experience 
lower temperatures than are 
actually present? 


The smell of rain 
Get to grips with what's 


behind he scent you witness 
in the rain falls 





Cave weather 
Learn about the microclimates 
of caves 


The ozone layer 
explained 

Get familiar with Earth’s much 
at-risk ozone layer 


Antarctica’s ozone hole 
Witness the ever-evolving size 
of the ozone layer 


Cloud-spotting guide 
Learn how to identify different 
cloud types in the sky 


Why are clouds white? 
What makes the clouds above 
our heads appear white? 


Rain shadows 
Find out all about the 
phenomena of rain shadows 


Why, and how, does it 
rain? 

What causes water to fall from 
the sky? 


What are fog, mist and 
haze? 

Learn to distinguish between 
these three distinct and 
everyday weather events 
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Double rainbows 
Are double rainbows just a 
trick ofthe eye? 


Why is snow white? 
What makes snow appear 
white to the naked eye? 


What are lenticular 
clouds? 

Discover how cloud formations 
can look out-of-this-world! 


Aurora borealis 
What are the reasons behind 
the beautiful night sky lights 


Nitrogen cycle 
Find out how living organisms 
exploit this abundant gas 


Influencing cloud 
formation 

Explore the factors involved 
with varying cloud types 


Snow flakes 
Understand the reasons 
behind why these beautiful 
crystals ofice form? 


Weather symbols 
Learn to read the weather 
forecast with the intricate 
symbols explained 
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VOLCANIC LIGHTNING 


f Walsesyei(syelecmelsjanbelemelene Pp 
evelomeleynverercsell 


. FIRE RAINBOW. 





jE Nelajmspeatessie spectacular, dangerous 
izarre weather phenomena 


Weather key [i cx [wing BBE sun | MP teat | PY cod A ain al Lightning |B Hail 


su FALLSTREAK HOLE 


Se. ”) Have you ever seen a swirling tornado of 
-6- fire, or heard a sand dune sing? 
~ Perhaps you've witnessed balls of 
lightning floating in the sky or even been caught 
in a downpour of frogs. Even ifyou haven't, 
someone elsewhere in the world definitely has. 
Although most of the weather we encounter 
on a day-to-day basis isn’t particularly exciting, 
it can occasionally deliver some incredibly 
strange surprises. From enormous hailstones 
the size of tennis balls to towering clouds of dust 
that engulf entire cities, weather has the 


116.6) 


ROLL CLOUDS 


potential to be breathtaking, destructive and 
even explosive. 

The basis for most weather is wind, water and 
temperature. Thunderstorms are the perfect 
example, as they involve all three at once. As the 
Sun heats the Earth, moisture in the air rises up 
into the cooler regions of the atmosphere viaa 
strong updraft. When it gets high enough, the 
moisture condenses into water droplets, forming 
clouds and eventually precipitation. Colder air 
also sinks in strong downdrafts that create 
oXeyiVerenvd MeleyarAeele-Danianelelcmm Malebele(cvecine)asstcesbas 


DUST STORMS 





often the main catalyst for some of the world’s 
most extreme weather, spawning lightning, hail 
and even tornadoes. However, wind, water and 
temperature can sometimes work in evenmore 
unusual ways to create bizarre weather 
phenomena that scientists are still trying to 

ub aelsyasiesbaleemly/ (olsimisr-ld els) emuelolorcdemmalomentslansya 
how rare and unusual, can be explained through 
relatively simple science, and over the next 

few pages we will explore the fascinating 
processes that are behind some of our planet’s 
oddest examples. 








RECORD 


BREAKERS 


HAILSTONES 






A hailstone measuring 20.5cm (8in) in diameter and 
weighing almost 1kg (2lb), even after melting a bit, fell on 
ie the town of Vivian in South Dakota, USA in July 2010. 








DID OU/KNOW:Z 





HUGE HAIL 


The enormous balls of ice 
that fall from the sky 


2 2 Rather than just 
being solid lumps of 
ice, hailstones actually consist 
of several layers, much like an 
onion. This makes them 
incredibly tough and allows 
them to grow to large sizes, 
creating hail that is extremely 
destructive. Hail is often 
confused with ice pellets, frozen 
raindrops that consist of one 
layer and are much weaker. 
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Dirty thunderstorm 
i Wm daromeroyanle)iar-lulela me) mes 
Fe] ale mre)<Jala Wat-] mm at- ism (=t-(6ImZe) (er-] al (e 
fe ]aldaliaremueon elsvere)antom dae\i ia lels) 
Ee Mellaavadnlelave(-\ec)ne)gaap 
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wa 
a 
«<—___—_—_—. Second phase 
It is thought that the . 
later sparks are caused 
Yaa exem oy-] ar (ol (=somalle| aisles] ® 
Tala sat=mr-l-1a ea (olele exe) |I(el] ale teat 


Tall plumes 
Mite lavdaliavem omexe)alci(e(-1e-]0)\maalelacs ~ 
1iqzxe[0 {aye [aiavZe) (er-]al(ome) [Ulan tets 
greater than 7,010m 

ee (23,000ft) in height, because 
temperatures are colder at 
alte latslare)]idiaele (stom 








VOLCANIC 
LIGHTNING 


The big eruptions that really 
light up the sky 


ie Avolcanic eruption is 
spectacular and violent 
enough as itis, but sometimes it is 
accompanied by big flashes of 
lightning too. However, this 
lightning doesn’t descend from 
storm clouds in the sky. It is 
generated within the ash cloud 
spewing from the volcano, ina 
process called charge separation. 








RECORD MOST LIGHTNING STRIKES 
B RR E A nq Ee RR S Venezuela's Catatumbo Lightning occurs almost every other 

k 2 night over the mouth of the Catatumbo River. On average, 
STRIKING STATS pe i m there are 250 lightning bolts per square kilometre per year. 


DIDWOU/KNOWS 







\ 
What is charge, 
separation? 





r The particles within the cloud start 


out neutral, with an equal number of 
r=) (You co) alow-] alee) ge)ke)alcmaalst-lallare mantels 








, they have neither a positive or negative 
(ol ate] qe(omkomualslaak 
\ 

New discoveries \ 

AV(o} for-lal (om ife]aivaliate mYc- lire) 

relatively understudied area of 

science until 2000, and its \ 

cause is still merely speculated. \ ; 

\ 
\ 
‘, 
\ 
\ 
\ As particles heat up, they collide 
Ice crystals form and transfer electrons in a process 
As temperatures are cooler at known as charge separation. This 
“higher altitudes, the vapour causes some to become positively 
cools and eventually turns into charged, and others negatively charged. 
" \ Kersey aVA<i t=] MMV al (el amexe) ile (omne) 
(olgere Kom lelaidaliaren 
f— <—_______._ Difficult to study 
= Vo) (or- Telcom le laiualiare) 


typically occurs during 
ualom oX-vel[alalialem=it-le[=\sel 
elamslaeleuce)ammnatel.qiaremis 
o very difficult to record 
° and study. 





fAWellakzla=)a recom amal=i-l=) cele hate] anlecmeyi 

- the positive and negative particles 
causes them to separate, so some parts 

of the cloud become more positive, and 


—_—_—_ : 
Water-laden others become more negative. 


parclelaate 

a These ice particles 
form when water 
(o [istsxe) Vere Malm dal 

_ rnatele]aat-l olsvere)an lets 
: Wee) oXo] 0] ar- ale Ma is{ots) 

(olU) me) maal=mvZe) (or-] ale) 
(o [Ul alae m-lam-laeleva(elan 





Initial sparks 
The first sparks of 
elaldaliavemelOlalatemeln 
eruption are believed 
to be caused by ash 
eye] aa (or (etsmexe) | ILel ale Wreks 
they are ejected. 





The electrons flow back towards 

the positively charged particles 
when the charge separation gets too 
great. This forms sparks of electricity 
and neutralises the particles again. 


© Rex/Sipa Press; Rex/Ricardo A. Mohr Rioseco 
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CLOUDS 


The odd-shaped clouds 
that roll across the sky 


> [oo Although they 

look like 
horizontal tornadoes, roll 
clouds are actually 
completely harmless. Along 
with shelf clouds, which are 
more wedge-shaped, they 
are a type of low horizontal 
cloud formation, known as 
an arcus cloud. The 
difference is that shelf 
clouds are only created by 
thunderstorms and remain 
attached to the main storm 
cloud, while roll clouds can 
be formed by a number of 
different weather systems 
and are often independent 
from any other clouds. 

They are the result ofa 
mass of cold air meeting a 
mass of warm air, so can be 
formed by thunderstorms, 
cold fronts or sea breezes. 






a oF 
. : —— 
EL NINO 
The cyclical weather change 
that causes unusually high 





ocean temperatures 
Every fewyears, the 
- ~~ trade winds that 


blow towards the west across 
the Pacific dwindle, causing a 
pool of warm water to form 
along the equator. As this 
warm water travels eastward, 
it triggers severe weather, such 
as increased rainfall and 
flooding in North and South 
America, and extreme drought 
in the West Pacific. South 
American fishermen named 
the phenomenon El Nifio, 
Spanish for “The Christ Child,” 
because it usually arrives 
around Christmas time. 
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RAINING ANIMALS 


The very real threat of amphibious rain 


E2 





Normal year 


Although there are no accounts of it actually raining 
== cats and dogs, other animals, such and fish and 
frogs, have been seen to fall from the sky in some parts of the 
world. This occurs when waterspouts — small tornadoes that 
form over water - suck up low-weight items, such as small 
creatures, with their low-pressure core. When these 
waterspouts hit land, they lose some of their energy and slow 
down, releasing whatever it is that they are carrying. Their 
spinning winds can reach up to 480 km/h (30omph), helping 
them to suck up objects from up to 1m (3ft) below the surface. 








El Nino year 


| 


r r 4 
a ee. 
| 
= | | 7 —=— 






or even reverse 





Answer: 

While frogs and other sea creatures are the most 
common form of unusual rain, sightings of tomato, 
coal and even meat falling from the sky have also 
been recorded. It’s likely that they were picked up 
and dropped by strong winds and tornadoes. 


J xv, em ~=Which of these a 
SiG M@i.eiage has fallen as rain? 


HARD RAIN A Tomatoes 8 Coal C Meat 











OPEB) ACUI Hail can occur in any thunderstorm, but large hail is most common in rotating supercell thunderstorms 





Clouds 


















Updraft Wind speed 5 7 
As hotairrises —_ Differences in rolling in | 
from the surface wind speed How roll clouds form 
of the Earth, it | above and below from a thunderstorm 
condenses and __ the cloud cause 

cools to form it to roll parallel 

storm clouds. to the horizon. 


Cloud forms 


Due to its higher density, 
4 the cool air lifts the warm 
air above it so it condenses 


and forms cloud. 






a \ Gust front A 








Downdraft “A The leading edge of the 
Rain falling from a storm cloud “downdraft, known asa lied Ve 
creates a downdraft of cold air gust front, cuts under "ites 

that spreads outward across the warm air being 





the Earth’s surface. drawn into the updraft. — 





Roll clouds can stretch for 
ale late} a=te lomo) im anil stow) ale ,<eXe) ©) 
ike) | irate Ke l@esX\\A=) e-] malelUl as 


FIRE RAINBOWS 


The very rare colourful clouds 
created by ice crystals and the Sun 


Officially known as 

circumhorizontal arcs, 
these rare clouds only occur in very 

1 specific conditions. Firstly, you must 
ST FLV O’S Fi RE be within 55° north or south of the 
equator in the summer months. 
The flames and sparks that climb Then there must also be cirrus — 
ship masts and church steeples clouds, which are thin and w 
> Named after St Erasmus, the patron saint of exist at high altitudes 
sailors, St Elmo’s Fire is the glow of blue flames 

often observed at the top oftall structures, such as 
ship masts, ina thunderstorm. It occurs due to 
charge separation, just like lightning. However, it 


involves a difference in charge between the air and ravsrefract through the ct ve 4 Benbow. are so 
an object, rather than the air and the ground. Itis Watds d split into called because the wispy 
most common on pointed objects as they discharge eouretttteate a rainbow, ee oe Bright 


flames licking the sky 





© Thinkstock; North Wind Picture Archives / Alamy; Martinao / Nikmerkulov/ Dreamstime ; Rex Features 


electrical energy ata lower voltage level. 
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il asvatelelelstowel a= 
usually small, but 


some have grown to 


The deadly tornadoes with added fire be 122m (400ft) tall 

(= 4 Firenadoes are actually more and 15m (50ft) wide 
closely related to whirlwinds 

and dust devils than tornadoes, which is 

why they are also knownas fire whirls and 

fire devils. They usually grow from wildfires, 

but have been spotted at the scene of house 

fires too, and can vary greatly in size. 






















$s°. ¢ 


Great whirls of fire —_ Short life span 


What fuels a dangerous As the hot air rises, it cools and 


spinning vortex of flame? weakens the vortex, which is 
j why firenadoes typically last 


only a few minutes. 


a elacmelec iam 
As it rotates, the 
whirlwind draws in 
flames from the fire 
upwards into its 

Je} lalalialeMyceansy.e 





yo) a erelellare mitelaaes 
Firenadoes can move 

fo [U](ordhvar-]ave m=) (2ce1mir-laaliale 
(o(=10) aicem als) |) [ale Kem) 0) act-le 
the fire further. 


ore) (Taare 
rotates 

As it rises, the 
(ore) Ulanlamelm-lia 
begins to whirl 
around a vertical 
axis, much like 
Vee 1Kelamele-l lay lave] 
from a basin. 


Tales) el=lare(=Vaimilacvarelele 
The now-vertical vortex splits 
off and intensifies by sucking 

Tamante)acw-llar-lacemit-laalse 


Mit 


Mi acsvemeleyacelale 
When the horizontal roll 
encounters an updraft of 
warm air it lifts it upright. 


PNT a ce) | fo 
The difference inspeed 
om oXo)damual-malelur-lare : es g 


exe) (er=]] axors 0 Ks\-som | ma Ke) 
ice)| Malelay4e) ait] INVA 


Horizontal 
firenadoes 

ml gem ke) garele(el=xsmer- | a=] Se) 

xe)a ga atelay4e)nit-lINAMUUalclam alels 
air behind the fire meets cold 
air in front of it. 


Hot air rises 

Fire heats up the air above the 
(e]@e)0) ale W-] ale Mor-|Uk\-somr- Rove) [Ulanlal 
of warm air to rise upwards. 
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FACTS 






- The Dust Bowl 


Severe drought in the USA’s Great 
Plains inthe 1930s causedaperiod * 
of dust storms called the Dust Bowl. * 
Agriculture was severely affected 

and hundreds of thousands of 


Haboobs 


Dust storms are named after 
the winds that generate them. 
So a haboob is generated by 
the strong wind that occurs 
primarily along the southern 


Harmful dust 


The dust in dust storms can 
sometimes carry pollutants 
and toxins, such as Salt, 
sulphur and pesticides, that 
can damage crops and be 


Blood rain 


Clouds can transport dirt from 
dust storms for thousands of 
miles. It eventually falls as 
rain, which leaves a reddish 
dust when it dries, leading it 


Amazon lifeline 


20 million tons of dust is 
transported from the Sahara to 
the Amazon rainforest each 
year, supplying it with essential 
minerals and nutrients to keep 


DUST STORMS 
DIDOU/KNOW 4 




















DUST 
STORMS 


The blizzards of dirt 
that black out the sky 


Dust storms are started 

by gust fronts, the 
downdrafts of cold air from 
thunderstorms that hit the ground 
and spread outward. As the wind 
passes over the ground, it moves the 
dust particles and starts a process 
called saltation. When the particles 
bounce along to the surface, they 
starta chain reaction, hitting other 
particles and causing them to 
bounce too. As these particles hit 
each other and the ground, they 
acquire a negative charge that repels 
them from the positively charged 
surface. This lifts them higher, 
where they get picked up by the 
wind and blown further. 


Elusive light show 


What causes transient 
luminous events? 


Red glow .......... = 

bs) 0) g|R=some (1m ual=l/ al acre mere) (0) 01g 

lofevors UI) (=Xe1 nae) alsmexe)|l(e(-MVZianl 

faliugete|-Vamante)(-tel](-cmcoMerg-t-1k-¥r-] 
Mere) (ob aiUl Re] (ey i2 


Sparks FOPM o----eeeeeees 


When the charge separation h Pts 
between the cloud and upper 
atmosphere becomes too great, 
electrons flow to create a spark. rn 


» 









edges of the Sahara in Sudan. 





7 pia i = 
detain hepell tala aa mata 
Fd oe as wi 


the soil fertile. 


si (stoqd ge) parle latsid(om eb) [y= 
Elves are caused by the abrupt, 
i=] ©) [0 r= (exex=)(=1¢- 10 (0) pe) m=) (=\o1l ge) aloe 
known as an electromagnetic 
pulse (EMP), in a lightning strike. 


people were displaced. 


to be labelled ‘blood rain’. 


harmful to living things. 





Oxo) folET gael mat-)(e) 

As this energy passes upward 
through the base of the 
ionosphere and spreads outward, 
it causes gases to glow red. 


coos Upwards 
fel aldaliale) 


Blue jets occur when © 


—_ alarge positive 
charge at the top of 
reer a storm cloud 
| __ triggers an upward © 

ee lightning strike. | 


4 r 
= * = 


SPRITES, 
ELVES AND 
BLUE JETS 


The flashes of light that occur 
high above storm clouds : 


| As wellas the regular lightning 
that we experience in the 
troposphere, the lowest layer of the 
Earth’s atmosphere, thunderstorms 
can also generate further activity 
much higher up. Transient luminous 
events (TLEs) are colourful flashes of 
light that occur in the middle and 
upper atmosphere and take the form 
of sprites, elves or jets. As they are 
very rare and last for just a fraction ofa 
second, these phenomenaare usually 
impossible to see with the naked eye 
and very difficult to capture on 
camera and study. Very little is known 
about them, but high-sensitivity 





‘Dreamstime 








cameras and observations from space 
are helping scientists to learn more. 
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The colours in secondary 
rainbows are reversed, 
with blue on the top and 
red on the bottom 


MULTIPLE 
RAINBOWS 


The awe-inspiring double, tertiary 
and quaternary rainbows 


* Rainbows form when 

‘< sunlight bounces off of the 
inside of water droplets suspended in 
the air. To create one rainbow, the light 
must bounce once inside the droplet. 
However, if the light bounces multiple 
times, more rainbows form. It is 
thought that larger water droplets that 
have been flattened by the 
surrounding air are needed to form 
double rainbows. These so-called 
‘burgeroid’ droplets havea larger 
surface area for reflecting light more 
than once. Ifthe light bounces three or 
four times, tertiary or quaternary 
rainbows form, but they are usually 
too faint for the naked eye to see. 



























Double refraction 
In secondary rainbows, 


Inside | double sunlight bounces off of 


POPP CUPP eP eT 


= b the inside of water 2 Tere eee SERSGAENEREReeEUeENTKeaeesincaernes nies ee rars “ Refraction 
rainnDow droplets twice, reversing In primary rainbows, 
How multiple refractions the order of the colours. sunlight enters a water 


droplet and bounces off its 
inner surface in a process 
known as refraction. 


create multiple rainbows 





. wl : al ‘ y 4 , ‘ ; . . 
Fainter CFFeCE asssrcocssnssssiveascsssiessiornanecisssicessnsnsansascasenvansenucssossseswsess y/ fond... Or oe 


Secondary rainbows »~y As each colour of light has a 
appear fainter because , 


.% different wavelength, it is 
only some of the light | a refracted at a slightly 
reflected a second time a> \ different angle. 
reaches your eyes. 


Oeste ‘ a = Alexander’s Band 
4 The area between the 

two rainbows is known 
as Alexander’s Band, 
named after Alexander 
of Aphrodisias who 
first noticed it. 


Greater ANGIES -----++------seceeeereenseetenennsennes - 
The red light refracts at 52° and the ; 
blue at 54°, so a secondary rainbow 

appears 9° above a primary rainbow. 






Angle of 
refraction 

Red light refracts at 
an angle of 42°, 


RAINDOW. ........:::ccsesereereeees ‘ " whereas blue light exits 

effect : at 40° from where the SLs sisssvivovsideastaveiane Darker 
Only one colour sunlight entered. in-between 
from each : ‘ Alexander’s Band 
droplet will  : Nunca Colours scatter | appears to be extra 
refract at the By refracting at different | 1 dark because the 
exact angle angles, the different | | | droplets within it 
necessary to wavelengths of light | | | are refracting light 
directly reach scatter so that we see : = | at angles that don’t 





your eye. the individual colours. reach your eyes. 
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The noise levels of some singing sand dunes have reached m0 decibels, which ts as loud as ag motorbike 









SINGING 
SAND 
DUNES | 


The mountains of sand that | 
can hit the low notes a 


In several of the 

world’s driest 
climates, sand dunes 
regularly emit a strange 
low-pitched rumbling noise 
that can be heard from up to 
ten kilometres (six miles) 
away. These singing or 
booming sand dunes baffled 
scientists for decades, but it 
is now believed that the 
sound comes from sand 
vibrating within the top 
layer of the dune. This 
produces a single musical 
note, typically G, E or F. The 
thicker the top layer of sand, 
the lower the note it creates. 
















Steep slope 
~The dune must be over 36.5m 
(120ft) tall with a slope of over © 
_ 30 degrees in order to create 

a big enough avalanche. 
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Audible sounds 

The waves on the surface 
act like a speaker, converting 
these vibrations into sound 
waves and amplifying them. 


Good vibrations 
As the grains of sand 
move, they collide 

r Tale Mae) omuole(=)i ais) an Ke) 
create vibrations. 










_ 
Hot and dry 
In order to sing, 
the sand must 
be extremely dry 
so that it can 
move freely 
down the dune. 










Waves of sand 
These waves of 
Wile)e-lalelair-ln=mnee]®) el=te| 
within the dry surface 
layer of the dune, above 
the wet sand below. 


Sand avalanche 
MAVdavelamulareme)aalelaatla 
intervention destabilises 
the crest of the dune, it 
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Ball lightning only lasts for a few 
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BALL LIGHTNING 


Mysterious orbs of light that float across the sky 
When lightning strikes the ground, it 
vaporises silicon oxide in the dirt. Ifthe soil 

also contains carbon, perhaps from dead leaves, it 

will steal oxygen from the silicon oxide, turning it 
into pure silicon vapour. As the silicon 
recombines with oxygen in the air, the reaction 
creates an orb of light. 
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Mthese Yomer-} |[-Ye| Ne - 
Clouds’ are the result of | 4 
extremely localised snowfall. 


FALLS TREAK 
HOLE 


The phenomenon that 
punches a hole in the clouds 





Cirrocumulus and altocumulus clouds 
’ are composed of ‘supercooled’ water 

droplets that are below freezing temperature, but 
can’t freeze because they don’t have any particles 
around which ice crystals can form. Whenan 
aeroplane passes through the cloud, it triggers an 
expansion of air that causes the surrounding 
temperature to drop below -40°C (-40°F). This is 
cold enough to freeze the droplets, which fall as 
snow and leave behind a hole in the cloud. 
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_-How the seasons work — 


Cmolviaioviaitetsielitderm-vete! : FG Ms 
‘abeachballit’stimeto - -- , i -™ 
talk about tilt | | 








: Wy, The Earth is awonky planet, Every year we make “ a 
e- a complete near-circular revolution around the — a ' 
: — Sun, but every day our planet spins around a lopsided : - a 
axis. This imaginary line that runs through the centre of the ' _— we 
planet from the North Pole to the South Pole is tilted at a 23.5° y ; . 
angle, and this wonky tilt is the reason for the seasons. , -»/ a : 
During June and July in the northern hemisphere, the a fa 3. Summer solstice : 
INoyad ob me) CcbicpalircVoRnoynie-Vackdat-doituet-ba(eRsie0(doW ne) (RaNIK-VORcnVccuyA La uN ae ae a eel eS lee Scena ; 
Se Pe the Sun, bathing the northern hemisphere in * . 
’ WMebtspoctarVolsuset-lmcve)t-bere-lebt-lalemeulecnnel-pelejanelvaemel-jeedtsje)elsac : er ‘summer and the southern hemisphere in winter. * _ 
. “head on” andis absorbed ina more concentratedarea. . * s , : : 2 


Because the southern hemisphere is angled away from the Sun, 
idalenctsbeslensbeslelenelmeyacie)t-Daeslebt-lalovepictsje)a=rclen-lacesce-Beslelael 
larger surface area. 
But differences in solar intensity aren't enough to create 
* summer and winter. The tilt of the axis also creates radical 
differences in the length of solar exposure, what we define 
as daylight. If we go back to our June and July example, : 
the northern hemisphere is directly facing the Sun, which 
means the Sun carvesa high path across the sky, creating 
longer daylight hours. In the southern hemisphere, the Sun 
travels much closer to the horizon, which limits daylight “ 
hours significantly. 
WM alenereyesloybet-iulevenevmloyarxsyaercnacrbelel concentrated sunlight ™ 
gives us summer. Shorter days and dispersed solar energy » 
ANU SKSMUISRN NOLES OP ALOLRUNOODOR-OLORsJe)abaloment-Nacqualcnme-Dersyialeyer-dl 
periods when days are getting longer or shorter and 
temperature variations tend to be less extreme. ; . . 
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2. Tilted axis : 
The seasons are powered by the angle 
of the Earth’s axis, which tilts 23.5 2 
‘ degrees away from being perfectly 
. perpendicular with its orbital plane. ‘ 


= * — 
1 SC =1Y70) (0100) | tt oe) 
= The Earth travels in an elliptical orbit 
: 1 around the Sun, but the path is nearly 
i for] Covel lem natsralaliae Role] mel cit-]a ecm ice laa mnals) 5 
. Sun is relatively constant year-round. 















1. The tropics eee, . 
All year long, the region within the tropics . 


of Cancer and Capricomn receives the most 


direct and intense sunlight. 
a 





2. Concentrated surface area 
Since the Sun’s rays strike the region around the equator 
at nearly a 90° angle, the intensity of the radiation is 
concentrated on a relatively small surface area. 


3. Scattered surface area 
Near the poles, the Sun’s angle of incidence is much 

lower, meaning solar radiation scatters across a much 
larger surface area, losing its intensity. 












Long summer 


Because Neptune is so far away 
from the Sun, it takes over 164 
Earth years to complete a 
revolution. That makes its 
summer around 40 years long. 


5 TOP 
wn 


SEASONS ON 
OTHER PLANETS 


KNOW 


——— 5. Vernal equinox . 
At this point in the orbit, the Sun shines evenly across the 
entire face of the Earth, neutralising the effect of the tilted axis. 
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cycle of 
seasons 


The seasons correspond not only 
to the Earth's position in orbit 
around the Sun, but your physical 
location on the Earth. At different 
times of the year, different parts of 
the planet receive more direct 
sunlight and longer days (spring 
and summer), while others 
receive less direct 

sunlight and shorter 

days (fall and winter). 
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» 6. Autumnal 
rerelUiTatey.4 

. As with the vernal 

equinox, the first day of 

autumn has exactly 12 

/nYole| ge) mer-\V/[(e]almr-] ave We 

hours of darkness. 
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Solar intensity 
It gets hotter as you move closer to the 
equator because the region between 
the tropic of Cancer and the tropic of 
Capricorn receives more direct and 
concentrated solar radiation. 

The reason for this is not because 


the tropics are ‘closer’ to the Sun than 
other parts of the planet. It has to do 


“Tropical” Venus 


Since Venus’ axis only tilts at a 
3° angle, all of its seasons are 
roughly the same, which 
results in a rather steamy 
750K all year round. 


with something called the ‘angle of 
incidence’. During the vernal and 
autumnal equinoxes, the Sun’s rays 
strike the equator at a precise 90° 
angle. Since the solar radiation rains 
down on the Earthso directly, its 
intensity is concentrated in a relatively 
small area. Compare this with the 


Serious tilt 


Uranus spins on an axis tilted 
at 98°, and much of the planet 
is bathed in continuous 
darkness or continuous light 
for 20 years at a time. 
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4. Winter solstice . 
At the opposite end of the Earth’s orbit, it’s ‘ 
the southern hemisphere’s turn to receive ‘ z 
the most direct sunlight while Europe and ce eget 


the United States enter winter. , 











solar exposure of Iceland, which sits 
right on the Arctic circle at roughly 66° 
north of the equator. During the 
autumnal equinox, the Sun’s rays hit 
Iceland ona much shallower angle of 
70°, spreading their radiation acrossa 
much larger surface area, thereby 
decreasing their intensity. 


Springtime on Uranus 


There are no April showers on 
Uranus. When spring arrives 
after 20 years of darkness, the 
warming atmosphere 
generates violent storms. 


"Solstice vs 











Long days 
Due to its slow rotation on its 
axis and rapid movement 
around the Sun, a day on 


Mercury is the equivalent of 
176 Earth days. 
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equinox 


The winter solstice is commonly 
referred to as the “shortest day of 
the year”. Although 21 December is 
still 24 hours long, it has the fewest 
hours of sunlight. On this day, the 
North Pole is tilted the furthest 
from the Sun, causing the Sun to 
trace alow path in the sky. As the 
months pass, the Sun's course 
drifts upward until we reach the 
vernal equinox, a day with exactly 
12 hours of light and 12 hours of 
darkness. Around 21 June, the 
North Pole tilts closest to the Sun, 
the Sun rides high in the sky and 
we have the summer solstice, 

the longest day of the year. As ad 
the Sun’s path sinks back toward 
the horizon, we reach the 
autumnal equinox, the second 
time all year when day and night 
are perfectly equal. 


» © 


the top of 
the world & 


For people living at the equator, 
seasons are virtually meaningless. 
The closer you are to the equator, 
the less your weather is affected by 
the tilt of the Earth. Ifyou tilta 
globe back and forth, the top and 
bottom appear to move further 
away from you, while the middle 
will remain relatively central. 

In high-latitude regions the 
differences between seasons are 
extreme. In the dead of winter in 
northern Norway, the northern 
hemisphere is tilted so far away 
from the Sun that it doesn’t peak 
over the horizon for two months. 
In the middle of summer, the Sun 
travels directly overhead, tracinga 
loop through the sky that holds 
back the night for 2.5 months. 


Background image courtesy of NASA 












Ocean 


It’s difficult to imagine s 
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water freezing solid, so hov 
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How polar ice 
affects the 
world climate 


Sea ice at the poles is important because it 
influences the weather across the entire 
planet. The ice acts like a mirror, 
deflecting the Sun’s rays back into the 
atmosphere. As the ice melts, more of the 
‘dark’ ocean beneath, capable of 
absorbing the Sun’s heat, is exposed. 
When the Arctic is frozen, warmer water 
entering from the Pacific or Atlantic 
begins to cool, becoming dense and 
sinking. This displacement of water 
drives the circulation of Earth’s oceans, 
affecting weather and conditions 
throughout the world. So, in many 
respects, the amount and extent of Arctic 
sea ice is critical to the global climate. 
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r- ; High reflection 

The white sea ice cover acts like a mirror, 
reflecting the Sun’s rays back out to space, 
preventing the sea from heating excessively. 





Sea exposed 
As the ice melts, there is more dark seawater to 


absorb sunlight, which further melts the ice. 











Low reflection 

The more sunlight absorbed by the seawater, the 
more the ice melts until, eventually, significantly 
less light is reflected back into space. 
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The carpon cycle 


You're breathing it out right now, but 
where's it been before and where's it off to? 





ATMOSPHERE 


Carbon is also ISP from microbes 
in the soil at a very slow rate and into 


e atmosphere. 


é LAND USE 
CHANGES 


FIRES 


Dy 
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COAL DEPOSIT 


COAL DEPOSITS 





OIL AND GAS DEPOSIT * 


Dry ice 
Dry ice is solid carbon dioxide. 
It is frozen carbon dioxide with 
a temperature of -78.5°C and 
melts into a gaseous rather 
than liquid form to create the 
popular smoke effect. 


5 TOP 
FACTS 


USES OF 


Fizzy drinks 
When held under pressure 
carbon dioxide dissolves in 
water, and it then causes 
bubbles on your tongue as it 
forms a carbonic acid as you 
take a gulp. 


Carbon dating 


The age of fossils and minerals 
can be found by using 
carbon-14 which is a 
radioactive isotope of carbon. 
It has been used to date the 
age of dinosaur bones. 


Teeth whitening 


Carbon is a key element 
involved in teeth whitening 
treatments, found as 
carbon amide peroxide in 
both dentist and over-the- 
counter treatments. 


Fire extinguishers 


A fire extinguisher containing 
carbon dioxide is mainly used 
for fighting electrical fires. 
The carbon goes back into the 
atmosphere without leaving 
any harmful fumes. 
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into the atmosphere through 
respiration when they breathe out CO... 

When plants and animals die the 
carbon is transferred into the soil when 
decomposition occurs. Some of this 
carbon will end up buried miles 
underground and so will eventually 
make fossil fuels. These fossil fuels are 
then burned and used for power, in the 
form of factories, cars and so on, 


therefore releasing the carbon back 
into the atmosphere. Some carbon also 
enters the sea as the ocean absorbs it 
from the atmosphere. 

Although the carbon cycle isa 
natural process it can be affected by 
human activity; our burning of fossil 
fuels means there is 30 per cent more 
carbon dioxide in the air nowthan 
150 years ago. 


Carbon moves from the atmosphere 
into plants. In the atmosphere it is 
combined with oxygen and found as 
carbon dioxide. Plant photosynthesis 
draws the carbon out of the air to make 
plant food. The carbon then moves 
from plants into animals as animals 
eat the plants. The carbon moves up the 
food chain as each animal is eaten by 
another. Animals release carbon back 


Carbon is a greenhouse 

gas that helps trap heat and 
keep the Earth warm. Just 

as water is transferred around the 
Earth, carbon atoms also followa 

cycle and are used again and again. 
You might not be able to see carbon but 
it is a vital part of how our world works 
and it moves around the Earthina 
variety of ways. 





Exchange rates Mi VERY FAST «K<1year © FAST (1to10 years) i SLOW (10 to 100 years) i] VERY SLOW ( 100 years) 


Fossil fuels 


Fossil fuels found deep underground 
emit carbon, in the form of carbon 
dioxide, into the atmosphere when 
used. This includes factory work, 
cement production and use of 
vehicles. It is a speedy 
transmission but is a process 
that is ever increasing and 
putting more and more carbon 
into the atmosphere. 












EXCHANGE OCEANS TO 
ATMOSPHERE 









Hydrosphere 


Carbon moves between the ocean and the atmosphere 
through diffusion. Carbon is used by organisms in the 
ocean food web and re-released. Generally carbon is 
released into the atmosphere by tropical oceans and 
absorbed by high-latitude oceans. It is a fast process 

occurring between one and ten years with a fairly even 

transferral of carbon being released and absorbed. 






Deep sea 


Some carbon is transferred into the 
deeper ocean where it can stay for 1,000 
years. Phytoplankton uses carbon to make 
shells; when they die they fall to the 
bottom of the ocean where they are 
buried and compressed to become 
limestone, which in time can be used as 
fossil fuel. 












SURFACE WATER 
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GAS HYDRATES 


INTERMEDIATE AND 
DEEP WATER 


MARINE SEDIMENTS AND 
SEDIMENTARY ROCKS 


SURFACE SEDIMENT 





Wind erosion 


How wind erosion works 


Learn about how the sheer power of the wind Other types of 
can shape and sculpt whole landscapes desert erosion 





Ever wondered how desert stacks get to them into the streamlined shapes that follow the Although the deserts are known for having very 
— little rainfall, the landscape can also be shaped 
where they are, how huge archways wind’s path -a process known as abrasion. Over heavily by water action. Rare flash floods are 
appear out of the rock and how colourful time, this gradual erosion produces the incredible caused by thunderstorms and cloudbursts. The 
stripes stretch along rocky ledges in the desert? All landforms we associate with the desert, which are resulting rainwater picks up debris from the 
; \ ‘ desert floor and charges its way through the 
of these are formed by wind erosion-thefancyterm knownas‘yardangs’. landscape. The force and action of the water can 
for which is Aeolian processes. The type of rockin an area greatly affects how the carve its way through rock, and this is helped by 
In the wide-open expanses of deserts, the sheer wind shapes it. Softer rock is easily eroded, while the water’s sediment load that, similar to the 


wind, eats away at the rock in its path. The steep 


force of the wind can eat into softer types of rock, harder rock is far more resistant and is likely to be slopes and lack of vegetation in the desert 
such as sandstone. Particles ofrockareremovedand _ polished bythe ferocity of the wind, resulting in environment means there is little in the way to 
lifted up by the wind (this is knownasdeflation)and smooth, buffed formations. Softer rock is carved out stop these flash floods tearing through the 

; ; ; ; ; landscape and making their mark on the desert 
then, as the wind blusters its way through the arid by the wind, producing much more pronounced terrain, carving out canyons and gullies and 
landscape, its path governed by the rock formations effects, while a mixture of both hard and soft rock Suniel rocks as they go. 
that dominate the terrain, these particlesactalmost types can produce incredible formations suchas iis A eae 





like sandpaper on the rocks and graduallytransform buttesandarches. 





Monument Valley in Utah, USA is a ts i led 
~~ Water flowing through a desert landscape can } ees 













famous example of extreme wind erosion - 5 i» | 
i hg FY K™ fon “7 shape the environment as much as wind erosion 

in 2 = te r 2 a a =, * , 2 — ft SS rms i on ~ =i 2 a 

Over time, erosion by the wind helps to hollow out these incredible natural structures = Js 

. en 
Cracking Overlying rock Rain and ice Archways widen Collapse oy. 

Geological processes can The wind gradually Rainwater dissolves some Wind erosion continues Eventually, the arch is — 2 
cause the rock to crack, erodes the layers of rock of the soft rock’s chemical to wear away at every eroded so much that it ee -, 

creating fissures and =a » sas above the cracks. makeup, while water in surface of the exposed collapses, leaving two Toe ari La 8%g 





exposing the softer — small cracks freezes and archway, constantly rock pillars standing 
layers of rock = . . —— weakens the rock. ——~ widening it. 1] either side. 
within. - | | 


Rock layers —— Cracks deepen 

Different types of As the wind rushes Rockfalls 

rock with different through the cracks The weakened softer rock begins 
properties form and they are gradually to crumble and eventually falls 
shape the eroded away and begin away, leaving an arch of more 
landscape in layers. to widen and deepen. resistant rock. 
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Atmospheric 
temperature 


Why does the air temperature 
radically fluctuate with altitude? 


We're taught hot air rises and we can see this in 
ey practice when a hot-air balloon climbs into the 

a sky. So why does the air temperature plummet 
at greater altitudes? There are a number of variables that 
affect atmospheric temperature and the best known is 
solar radiation. This doesn’t heat the air directly though. 
Lapse rate describes the general decrease in atmospheric 
temperature with height, which occurs because the 
atmosphere is heated by conduction with the Earth’s 
surface. The farther you move from the surface, the less 
dense the air is and the more it struggles to retain heat. 
But the temperature doesn’t follow a unidirectional 
gradient. For example, while at 80 kilometres (50 miles) it 
can be -100 degrees Celsius (-148 degrees Fahrenheit), the 
air is much warmer at 115 kilometres (70 miles) due to 
ionising radiation. 








Atmosphere layer by layer 


Take a trip through Earth’s atmosphere to see 
the location of the hottest and coldest areas 


1. Troposphere 


This extends up to about 12km 


(7mi) and is where our 


weather occurs. Temperature 


drops about 6.5°C per 
kilometre here. 


2. Stratosphere 

The bulk of the ozone layer is 
here and the temperature 
increases to just below 
freezing near the 
stratopause. 


3. Mesosphere 
Between 50km (31mi) and 
100km (62mi) temperatures 
plummet because of CO, 
cooling and low solar 
heating. 


4. Thermosphere 
Stretching up to 6(00km 
(373mi) from the Earth’s 
surface air here can reach 
1,800°C (3,272°F) 


but is too thin for us to feel it. 


Clouds that shine 


Temperature (°F) 
-140-120-100-80 -60 -40 -20 0 20 40 60 80 100 120 140 160 ee 5 





120 


Altitude (km) 
o 
Oo 
Altitude (mi) 





~100-90-80-70 -60 -50-40-30 -20 -10 0 10 20 30 4050 60 70 80 


Temperature (°C) 


The different levels of the 
Earth’s atmosphere 


elmaltelays 


386 - How do these eleanor oS noctilucent clouds 
» form high in the Earth’ f 





Ss atmos >). aleve 








(eYmplerea|(Ureclelme(eltietMielany 


Observing 

The light from the Sun 
that hasn’t been 
scattered by the ice 
crystals reflects into our 
eyes, illuminating the 
noctilucent clouds. 


Scattering 


After dusk, sunlight can still reach 
the mesophere - the coldest part of 


Nucleus 

These ice crystals need 
to contain some kind of 
nucleus to effectively 
scatter the light. This 
could be either meteorite 
or volcanic dust. 


Earth’s atmosphere. The light hits 
ice crystal shards and is scattered, 
with the stratosphere absorbing red 


light, leaving only blue. 


Sun sets 
Once the Sun is more 

_ than six degrees below 
the horizon from the 


perspective of the viewer, 


4 ~ it sends sunlight up into 
_ the mesosphere, 80km 
~ (50mi) up. 


ie” 


s Temperature 
Ice crystal shards form 
when the temperature of 
the mesophere falls 
below -120°C (-184°F), 
but this only happens in 
the months either side of 
the summer solstice. 
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Why these distinctive clouds may warn of tornadoes... 





Wy ) Clouds form when the atmosphere 
OF becomes saturated and moisture 
¥ condenses out around tiny particles of 
aust: salt or ice, collectively referred to as 
condensation nuclei. The shape of the cloud 
reflects the turbulence of the atmosphere and 
signals what is happening with the weather. 

Mammatus (or mammatocumulus) clouds 
are puffy and rounded, with a distinctive 
protuberance on their undersides. Their name 
reflects their appearance, coming from the 
_ Latin word for breasts, while ‘cumulus’ is the 
Latin for pile or heap. Their formation is not 
fully understood, but it is thought that they are 
the result of sinking air, usually after a storm. 

Ifa bad storm is brewing, clouds often pile 
up high; the top of the pile drifts in the strong 
winds of the upper atmosphere so the pile 
becomes shaped like an anvil. This kind of 
cloud is called cumulonimbus and it can warn 
of torrential rain or snow, hail, thunderstorms 
or even tornadoes to follow. Mammatus clouds 
often form the underside of cumulonimbus 
clouds and so are associated with storms. — 
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How is dew 
formed? 


Discover why these sparkling 

drops appear on the ground 
Lo 

for early risers in the morning, but 

BD) dewisnota sign of overnight rain. 


These picturesque water droplets are actually 
formed when water vapour in the air comes into 
direct contact with cold surfaces. This is why 
dew usually forms overnight, as surfaces on the 
ground will cool due to a loss of infrared 
radiation from the Sun. You're more likely to 
notice dew after a calm, cloudless night too, as 
cloudy skies help insulate the Earth and enable 
surfaces, where dew would otherwise form, to 
retain some level of heat. 





Glinting dewdrops are a familiar sight 
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Mammatus clouds / Dew 
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The longest Von Karman vortex streets are usually to be found streaming 
k on from the Hallasan Volcano on South Korea’s Jeju Island. The longest one 
measured to date ran for an incredible 720km (450mi) before it broke up. 




















The man behind 
the mystery 


What are Von 











Karman vortices? 














Theodore von Karman was born in 
Budapest, Hungary, on 11 May 
1881. His father, a philosophy and 
education professor, made him 
practise subjects such as 
geography and history. However, 


Von Karman’s natural maths _— ” 
The science behind these ability shone through and he won =. 
= the prestigious Eotvos Prize, 2 y 
mind-boggling, swirling ie nea key 
e ’ b 
cloud formations revealed setuid 
science 
Wy) The area of fluid dynamics is one in student. 
eee 
Steet which scientists are still getting to seeds 
- i ‘ his famous 
grips with, but backin1911,a breakthrough 


Hungarian called Theodore von Karman 
worked with a flow tank to demonstrate the 
effect that a stationary body can have onthe 
flow of a fluid passing over and around it. 

As the fluid flow, such as a cloud formation, 
is disrupted by a cylinder - in nature this is 
generally an island or group of islands - the 
fluid is forced to either side of the barrier. The 
fluid flows around the obstruction, forming a 
boundary layer close to the object, which hugs 
it closely. As the flow continues, the boundary 
layer becomes a shear layer, which continues 
to move away from the barrier. If there is any 
kind of pressure imbalance coming from 
either side of the barrier, the side with greater 
pressure forces the fluid flow upward, 
separating it from the main flow and causing a 
swirling eddy. Having broken off one stream, 
the cloud then folds back on itself, causing the 
side with more pressure to be cut off and swirl 
away in the opposite rotational direction, 
creating a vortex. 

As the flow continues, the alternation of 
pressure imbalances continues, generating 
what is known as a‘street’ of repeated vortices 
swirling in different directions (see image), 
pushed along by the fluid flow. 

However, not all fluids that meet a barrier 
result ina Von Karman vortex street. The 
pressure imbalance is measured by using 
Reynolds numbers, which represent the ratio 
of moving forces to stationary forces in a fluid 
flow. The higher the Reynolds number, the 
more likely a fluid flow will be turbulent rather 
than laminar (ie a smooth flow). 

This phenomenon is most commonly seen in 
clouds as they are pushed along by the air 
current and disturbed by high-above-sea-level Von Karman vortices ed 
islands and mountains, but they can also be by the island of Madeira and the 
observed in the ocean and onice. 
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How do waterfalls freeze? 


Some waterfalls look as if they froze mid-flow, but how is this possible? 


Wy Ice forms on still bodies of fresh water like lakes 
-6- when the temperature hits o degrees Celsius (32 

L =" degrees Fahrenheit) or below, but the physics of 
freezing becomes a lot more complicated in moving water. 

Waterfalls don’t immediately stop flowing and freeze over 
when the temperature plummets to freezing point. Quite the 
opposite, in fact. For a start, because the moving water is 
constantly mixing, the entire waterfall will cool uniformly, 
so it will take far longer for any noticeable change of state 
compared with still water under the same conditions. 

The temperature of the water in the river/stream and 
waterfall it supplies drops slightly below freezing and 
supercools, which causes the water molecules to slow and 
begin to stick together to form solid particles of frazil ice. 
These are tiny discs roughly one millimetre (0.04 inches) in 
diameter, yet this is enough to start the freezing process. 

The frazil ice discs will clump together when they come 
into contact with one another, as well as sticking to nearby 
surfaces. In the case of waterfalls that flow down the face ofa 
cliff, the discs will accumulate against the cold rock, while 
for a free-falling waterfall, ice will cling to the overhang. 

Eventually the frazil ice will form an anchor from which it 
will grow and, provided the temperature of the water is 
sufficiently cold enough for long enough, it will createa 
column that runs the length of the waterfall. Over time, the 
river or stream will completely freeze over leaving an icy 
snapshot of the waterfall, eerily frozen in time. 






The science of freezing 


Traditionally we are taught that water freezes at O degrees 
Celsius (32 degrees Fahrenheit), but in reality it’s nowhere near 
as simple as that. Once the correct temperature has been 
reached, ice crystals must nucleate for ice to form: either 
clinging to a central body that’s another ice crystal or a foreign 
particle. The rate at which this happens is dependent on a 
number of factors, including the amount of movement in the 
water and wind on the surface - both of which can slow ice 
formation. Atmospheric pressure, a layer of insulating snow 
sitting on top of a thin layer of surface ice, minerals in the 
water and many other factors all affect the freezing process. 


Why do we get 


red sky at night? What is the 
Just how SKY i eta lah Nate! wind-chill factor? 


what causes the sky to turn red? Why does this phenomenon make it 
, feel colder than it really is? 
;. ) Ared glow can often appear in the sky at dawn or dusk. The 


=~@- reason behind this red tint isa simple one, related to how light jl The wind-chill factor describes the rate at which your body loses heat 


ral 


UT Raccurclcpiceyashda\-dcituehblobuelcohde(-Ycllare-lmdantchaneel-MsMolcM leita elesialeye Skeet due to wind and low temperatures. When it’s chilly outside you will of 


of the Sun, coupled with the thick layer of atmosphere the light must ES) course feel the cold. However, when fast-moving air (ie wind) blows 
travel through, cause short wavelengths to scatter. Only the longest across your exposed skin you will feel even colder. This is because as wind 
wavelengths make it through, explaining why we onlyseeared speed increases, the rate at which heat is carried away from the body also 
colour displayed. increases, first causing an external temperature drop, then later -and more 


‘Red sky at night, sailor’s delight’ came into use before scientific weather dangerously — a reduction in internal body heat. 
forecasting was developed. Itis based on the ebstsienesye)eleyel that weather The NOAA’s National Weather Service’s windchill index shows the serious 
systems generally move from west to east, ared glowat night, indicating a implications. For example, ifthe temperature is -18 degrees Celsius (0 degrees 
clear sky in the west, therefore suggesting that bad weather systems have Fahrenheit) and the wind speed is 24 kilometres (15 miles) per hour, the 
passed through. # wind-chill factor would be -28 degrees Celsius (-19 degrees Fahrenheit) and 
human skin would experience frostbite in just 30 minutes. 


The smell of rain — 
Find out why precipitation creates a distinctive 
aroma that’s the same all over the world | 


Si. » It’s possible to smell rain before it has even fallen. 
-@- Ered chu avbatcmorstsma else oleyn(s) mnen-je)bum-simsslessje)a(ele 
nitrogen and oxygen molecules into individual 
atoms. These atoms then react to form nitric oxide, which in 
turn can interact with other chemicals to form ozone - the 
aroma of which is a bit like chlorine and a specific smell 
we've grown to associate with rain. When the scent carries 
on the wind, we can predict the rain before it falls. 
Another smell associated with rain is petrichor - a term 
coined by a couple of Australian scientists in the mid- 
Sixties. After a dry spell of weather, the first rain that falls 
brings with it a very particular aroma that is the same no 
matter where you are. Two chemicals are responsible for the 
Jo) coXendlerm(oyameymaabtoweatolcrrer@lor-loytemerolejebme-v0(-rom ol-inelelale) emeyel= 
of the two chemicals is released by a specific bacteria found 
in the earth; the other is an oil secreted by thirsty plants. ae ae 
These compounds combine on the ground and, whenit. ~ Sea ; 
rains, the smell of petrichor will fill your nostrils. # ee 
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Cave weather 





Explore one of China's most stunning cave systems 
to learn why it has developed its own microclimate 


4 Y Cut off from the Sun, rain and wind 
-6- that we experience on the surface, you 

a might assume meteorological 
conditions in caves never change. However, 
the reality is that their climates do vary 
significantly - not only from location to 
location, but within individual caves over time. 
Indeed, some examples, like the Er Wang Dong 
cave system in Chongqing Province, China 
(main picture), even host their own weather. 
Ultimately this is because very few caves are 
100 per cent cut off from their surroundings. 

In the case of Er Wang Dong, it all comes 
down to an imbalance in the local topology. 
There are several tunnels around the cave 
system’s perimeter where wind can blow in. 
O)elecnmas}ojercromonatelsvecaaelonctom-bbaaaeyeomelbinsy(al= 
gains moisture, pooling into huge chambers 
like Cloud Ladder Hall - the second-biggest 
natural cavern in the world with a volume of 


Here, fog clouds can be seen 
in the deep sinkhole at the 
entrance of the caves while 
the Sun shines above it 


Sizing up Cloud 
Ladder Hall 


1 


Area 
7 football 
re) Kel aX 





6 million cubic metres (211.9 million cubic feet). 
Once in an open chamber this humid air rises. 

While there are numerous entrances into 
id ebiswciblo) nave a= balers bemere)onle)(=).omcy.eluce-BaeBiciiias bale! 
far between. In Cloud Ladder Hall’s case, it’s a 
hole in the roof some 250 metres (820 feet) 
FVolehi(omn alcw alone) om (ars(onbalomuon: Molelaul-val-aasec-em 
FANS olemets beckons boas ebluce-Meole)(=)moy-belemelsr-paidal= 
exit, tiny water droplets condense out to create 
AVA ES} ohymeedtcum= Dale mcoyemm bamoraels) melet-beolel-) acme) t-Deles 
and underground waterways can also 
contribute to underground weather. 

Even caves without any direct contact with 
the outside world can still experience climatic 
variations, as they are subject to fluctuations in 
atmospheric pressure and geothermal activity, 
where the heat from Earth’s core emanates 
through the rocky floor. However, in such 
caves, changes are more evenly distributed so 
take place over longer time frames. # 





0) 
oo 


a (edelais 
2.5 Statues 
of Liberty 





Volume 
5 Wembley 
Stadiums 























The Cloud Ladder Hall is only beaten by the Sarawak Chamber in Borneo 
iN} rn on in scale. Sarawak is estimated to have almost double the volume of the 
Chinese cavern, in the range of 10mn m? (353.1mn ft?). 
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The ozone 
layer explained 


We may hear about it a lot, and mainly how we're slowly 
destroying it, but just what is the ozone layer? 


The ozone layer is essentially Mother Earth's 
lees Safety net, residing some 50 kilometres above 
J the planet's surface. Created from 03, or ozone 
gas, itis up to 20 kilometres thick and 90 per cent of this 
gas can be found up on the Earth’s stratosphere. This 
protective gas is vital to the nurturing of life on our planet, 
and here’s why. 

Ozone gases act as a shield against ultra violet, or UVB, 
radiation. These harmful emissions are sent through the 
Sun’s rays, and without the ozone would severely affect 
the planet’s ecological balance, damaging bio-diversity. 
UVB rays reduce plankton levels in the ocean, 
subsequently diminishing fish stock. Plant growth would 
also diminish in turn disrupting agricultural 
productivity. This would in turn affect the human 






populace, who would be exposed to an increase in 
skin-related diseases such as cancer. 

So how does the ozone protect us? Ozone molecules 
consist of three oxygen atoms, hence the chemical 
formula 03. Stratospheric ozone absorbs UVB high-energy 
radiation, as well as energetic electrons, which in turn 
splits the 03 into an O atom and an O2 molecule. When the 
O atom soon encounters another O02 molecule they 
re-merge and recreate 03. This means that the ozone layer 
absorbs the UVB without being consumed. The ozone 
layer absorbs up to 99 per cent of the Sun’s high frequency 
UV light rays, transforming this into heat after its 
combustible atomic reaction, therefore creating the 
stratosphere itself. This effectively incubates life on Earth. 

But ozone doesn’t reside only in the world above. 

This gas is also present in the layer around the Earth’s 
surface. Ten to 18km above us, this is known asthe 
tropospheric ozone or ‘bad ozone’, comparative to the 
function of the stratosphere. This ozone occurs 
naturally in small doses, initiating the removal of 
hydrocarbons, released by plants and soil, or 
appearing from small amounts of 
stratospheric ozone, which occasionally 
migrate down to the Earth’s surface. 
However, it gets a bad reputation due 
to its interaction of ultraviolet light, 
with volatile organic compounds 
and nitrogen oxides, emitted by 
fossil-fuel powered machines and 
internal combustion engines. 
This produces high levels of 
ozone, which are formed in 
high temperature conditions, 
ultimately toxic to all forms of 
organic life. 


How hig is the 
hole in the 
ozone layer? 


A whole lot of hole 
The area of depletion over 
the Antarctic, known as 
the ozone hole, is 
estimated at between 21 
and 24 million square 
kilometres - enough to fit 
England in 161 times over! 
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The structure 
of the Earth’s 
atmosphere 


lu lalcekcw ele VabeleneyAe)ara 
extends from the 
Earth’s surface 


He) oles] 0) a(= a (omeyce) ala) 

Starts at ground level, with an altitude 
of up to 15 kilometres. Energy transfer 
from the surface heats it. 


The lowest part of this is the 
warmest with temperature 
decreasing with altitude. This 
heat and CFC intervention 
fe)gele(Ulo-oMallgelUl (= almellaieci(olen 
producing great levels of 
ozone, harmful to organic 
life. 


Stratospheric ozone 
Between ten and 50 
kilometres up from the 
stratopause. It contains up to 
90 per cent of Earth’s ozone. 


The stratosphere contains the 

alte] ayssoim (2\)(=) Re) meoydo)a(=Me) am ta(em ©) l=] a(21 
with two to eight parts per million. 
This reacts with UVB to produce 
what we know as the ozone layer. 


The stratosphere is layered in 
temperature due to UVB absorption. 
Heat increases with altitude, with the 
top of the stratosphere has a 
temperature up to -3°C. 





The ozone hole refers to an area of depletion over the Antarctic region of Earth. The 
planet’s ozone records a decline of four per cent per decade in total volume but 

much larger loses are recorded in the stratospheric ozone over Earth’s polar region, 
however this is seasonal condition. These areas’ unique atmospheric conditions see the 
most impact. Strong winds blow around the continent forming a polar vortex, isolating 
the air over Antarctica from the rest of the world. This allows special polar stratospheric 

clouds to form at about 80,000 feet altitude. These concentrate atmosphere pollutant. When 
spring returns after the sunless winter period the ozone is depleted causing the ozone hole. The 
largest ever recorded ozone hole occurred in 2006, at 20.6 million square miles. At present the 
ozone hole is recorded at between 21 and 24 million square kilometres. 








How has Antarctica’s 
ozone hole changed? 








Find out what triggered the colossal ozone hole to form 





Wey The destruction of the ozone layer is widely 

recognised as one of Earth's most troubling 
environmental issues. Of particular concern 

is the hole that has formed in Antarctica’s ozone 
layer, which was first observed during the 1970s and 
continued to grow until 2006. This is not an actual 
‘hole’, itis simply an area of seriously depleted ozone 
which has a value of 220 Dobson Units (a measure for 
ozone density) or less. The cut off point is set at this 
value because readings lower than 220 Dobson Units 
had not been recorded prior to 1979. 


Ozone damage is caused by chlorofluorocarbons, 
or CFCs, which were once used in fridges and aerosol 
cans. CFCs are incredibly stable in the atmosphere 
and are able to persist for years. This enables them to 
reach the stratosphere where they do their damage. 
During Antarctica’s long winter months, the 
stratosphere’s temperature plummets to less than 
-78 degrees Celsius (-108 degrees Fahrenheit), 
causing clouds ofice to form and trap chlorine- 
containing compounds. Once spring returns in 
September, the Sun’s ultraviolet light frees the 


chlorine atoms into the stratosphere, starting a 
process that will result in the destruction of ozone 
molecules. A strong catalytic reaction takes place, 
enabling a single chlorine atom to destroy 
thousands of ozone molecules, as once the reaction 
is complete the chlorine is released unchanged, free 
to destroy even more ozone. Ifthe 1987 Montreal 
Protocol banning CFCs had not been introduced, it is 
thought that Antarctica’s ozone hole would be 40 per 
cent larger and another hole would have opened up. 
It is hoped to fully recover by 2070. 


Ozone damage through the years 


The growth of Antartica’s ozone layer is clear to see in these yearly observations 


First observations 
The ozone hole was first 
measured by satellite in 
1979 and from here on the 
extent of the damage was 
recorded in autumn each 
year, when the maximum 
damage is visible. 


Taking action 
In 1987 the Montreal 
Protocol had been 
agreed upon by the 
UN; CFCs would be 
phased out. 


Continued 
depletion 
Throughout the late 
1990s and early 2000s, 
the ozone hole continued 
to grow, due to CFCs’ 
ability to remain present 
in the stratosphere. 


Peak size 

In 2006 the ozone hole 
reached its largest 
recorded size; since 
then it has remained 
relatively stable. 





Ozone depletion 
When scientists observed 
the ozone hole in 1980, 
they could clearly see 
that it had grown in size 
since the previous year. 


No data 

In 1995, there were no 
satellites in orbit that 
were able to collect the 
necessary data. 


Unusually small 

In 2002, the ozone layer 
was half the size it was in 
2000. This was due to 
abnormally warm 
conditions in the 
stratosphere, rather than 
the ozone layer’s recovery. 


Will it recover? 
It is believed the ozone 
hole will eventually 
start to shrink in size. 
Levels of chlorine and 
bromine are continuing 
to reduce, which is an 
encouraging sign. 
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Milky cirrostratus clouds 
Cirrostratus clouds cover the sky like a 
smooth thin veil and can create the 
appearance of a halo around the Sun. 
They form high up between 5,490- 
9,100m (18,000-40,000ft) and indicate 
that there’s moisture at high altitudes. 





Curling cirrus clouds 
Known as mares’ tails, these 
high-altitude clouds are thin and 
wispy with a distinct curved 
shape. They appear in small 
bands up to 12,190m (40,00O0ft) 
above ground and are composed 


of minute ice crystals. 


Vast altostratus cloud cover 
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High-flying cirrocumulus clouds 
Appearing as a mass of small, thin puffs of 
cloud, cirrocumulus clouds develop at high 
altitudes between 6,100-12,190m (20,000- 
40,00O0ft) and are similar in formation to 
low-level altocumulus clouds. They are 
composed of ice crystals and supercool 
water droplets. 


A thin but large cover of featureless 
altostratus clouds develop between 
2,130-5,490m (7,000-18,00O0ft) above 


Layered altocumulus clouds 
Altocumulus is a middle-level cloud that 
forms between 1,980-5,490m (6,500- 
18,000ft) above the ground. Its formation 
varies between large patchy layers and 
spaced out flat or wavy shapes. They 
consist of cool water and ice crystals and 
often indicate a coming change in weather. 





Floating cumulus clouds 
Puffy cumulus clouds resemble 
cauliflowers and their bases form 
up to 1,980m (6,500ft) above the 
ground. They are usually seen in 
fair weather and if they continue to 
grow in size, they will become 
thunderous cumulonimbus clouds. 


Dense stratus clouds 
Stratus clouds provide a 
blanket of grey or white cloud 
cover and can at times 
appear low on the ground as 
a form of fog. They are also 
usually accompanied by 
drizzle or snow. 


126 





Earth. They diffuse sunlight so shadows 
won't appear on the ground. 


Patchy stratocumulus clouds 
Stratocumulus clouds spread like a 
shallow patchy sheet across the sky. 
They are low-lying clouds and are formed 
by shallow convective currents in the 
atmosphere. Their presence indicates 
light precipitation and they are usually 
seen before or after bad weather. 





Cumulonimbus 
thunderstorm clouds 
Cumulonimbus clouds have 
low-lying dark bases that usually 
form between 335-1,980m 
(1,100-6,500ft). They are known 
as thunderstorm clouds and are 
associated with lightning, 
thunder, heavy downpours of rain 
or hail and even tornadoes! 


© The Art Agency 












Why are clouds white? 


Discover the basic scientific principle 
that makes clouds white 

Clouds are formed when humid air, or water vapour, 

=0- 








rises and cools. The vapour expands and becomes tiny 
droplets. Clouds only get their white appearance if 
these droplets become large enough to scatter visible light in all 
directions; this is known as Mie scattering. 

Visible light is a form of electromagnetic radiation, with 
each different colour that we can see having a different 
wavelength. White light, however, contains equal amounts 
of all colours of the spectrum. When sunlight hits the 


ae 
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Source 
The Sun sends out rays of white 
light which take just over eight 







individual water droplets ina cloud all wavelengths oflight are minutes to reach Earth. 

scattered evenly in all directions. However, very thick clouds, 

which are made of very densely packed water droplets, will 

appear darker - like storm clouds - because less of the ' . 

incoming light from the Sun can penetrate to the base. From Mie scattering 

above in an aeroplane, though, astorm cloud will still appear _ Theamountoflight that Ifthe water droplets are large 

white - it only looks dark from the ground because little eee case depends enough, the Wael 
y 8 on the thickness of the cloud. scattered in all directions. 


sunlight is not getting through. 
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oo a causing the water } the mountain receives andwarmsonthe === = ~—__ moisturei ole 
shadow vapour in the clouds . precipitation as the leeward side, precipitation, the region 
tocondenseandturn | vapour condenses. downwind of behind the mountain sees 


into rain. the mountain. very little rainfall. 


— 
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2. Rises 


1. Prevailing wind ewan 
The wind pushes warm, water-filled clouds air rises up the 
towards the windward side of a mountain. mountain barrier. 





© Science Photo Library 





ia 
Why does this weather 
in henomenon cause deserts to 
orm on one side of a mountain? 
Ww Arainshadowisanarea that Such an obstruction blocks the path Essentially this means that the contrast of conditions with the 
soem ~receives very little of moisture-rich rain clouds. Due toa windward side ofamountainreceives formation ofa desert on one side but 
’ precipitation due toa process of coolingand condensation,a _ plenty of precipitation where as the not the other. The warm, dry breeze 
substantial obstruction, most shadow area ofdryconditionsislikely | leewardside might be left extremely that blows down the leeward side ofa 
commonly a large mountain. to develop beyond this barrier. dry. This can result in a dramatic slope is known asa foehn wind. 
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4. Rain forms 5. Rain falls 
As more water vapour droplets gather within the 
cloud, they start to merge and become larger. 
Eventually they will become too heavy to be held in the 
atmosphere and gravity will start to pull them back 
towards Earth. 


Sometimes water will not make it back to 
Earth, due to the air not being humid enough, 
and in this case, water evaporates back into 
the atmosphere. If the temperature of the air is 
lower than normal, the water will freeze and 


=’ fall as snow or hail instead of rain. 
3. Clouds form 
When the water vapour droplets 
reach a certain level, condensation = 
starts to occur, forming clouds. This e: | 


is due either to an increase in 
humidity or a drop in temperature in 
the atmosphere. 






In England, rain isa more common 
occurrence than most of us would 2. Water 


‘ ca ‘ vapour 
like, butitisveryimportantforthe travels 
maintenance of our ecosystem eter 

. Rain is defined as liquid precipitation. Itis formed aac ae 
high above the ground in clouds by water vapour eae : 





coming together into large droplets that become too atmosphere. 
heavy for the air to support. Gatherings of condensed water 

vapour are called clouds, and this is where rain comes from. 

Although a large amount of water is held in each cloud, rain 

does not fall all at once from the cloud because the water 

droplets grow at different speeds, with the fastest growing 


6. Water 







droplets becoming heavier quicker and falling first, the slower returns to 
growing ones falling after. 1. Water the Earth 
Although scientists are not sure if there is water on other evaporates If the water that falls is not 


planets, the phenomenon of rain has occasionally been allel el dell 
surface is heated by the 


recorded. This rain vee ey liquids, such as methane Sun, and small water from the land, it will start to move back 
which falls on Titan, Saturn’s moon, and sulphuric acid which droplets evaporate into towards rivers, streams and the sea - where the 
falls on Venus. the air. process begins again. 


caught by plants or animals, water 
hits the ground and, if not evaporated 








~ mist and haze? 


Discover how fog lets you walk through the 
clouds without leaving the ground 


Fog and mist are ground-level clouds: they are formed of airborne water 
=9- 





droplets. Fog is denser than mist — it prevents you seeing further than 

1km ahead. In mist, you can see between one and 2km. Haze also makes 
the air less clear. But unlike mist and fog, it’s caused by airborne particles of soot, salt 
or dust. 

Fog and mist form when moist air near the ground cools enough that condensation 
occurs. Condensation is the mechanism that mists a mirror when you breathe on it. Air 
contains water vapour - the warmer the air, the more vapour it can hold. When the 
warm air in your breath hits the colder mirror, it cools. The vapour the air can no longer 
hold condenses out, ie water droplets form on the mirror’s surface. Haze particles can 
beaprecursor to fog because, in fog, water droplets form on particles in the air. 









The ‘Asian brown cloud’ isa 
» wintertime pollution haze 

over parts of Asia. It’s big 

enough to see from space. 





© Milazinkova 2009 
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|DYojelo)l-yreyaaslouinie)(-wpe-sbeleleynies 
are onlyvisible to the naked eye 
when the incoming sunlightis 
Ubavanbaelcvacromonraclaselessjejelcvale 
effects, so is very intense 
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See 
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Double rainbow 


Regular rainbows occur when moisture in 

the air- commonly rain, but also mist or 

spray such as that from a waterfall - 
refracts sunlight in such a way that it is broken up 
into its constituent colours. 

The phenomenon occurs when the Sun is 
positioned behind you and sunlight passes through 
the airborne water. The light refracts (bends) inside 
the droplets and the white light is broken up. Each 
colour has a different wavelength so, depending on 


The primary rainbow 
forms through the 
/ refraction of sunlight 
_ within raindrops. 


The angle at which the 
light is emitted 
determines what colour 
will be visible, ranging 
from red at 43 degrees 
to violet at 40 degrees. 


| 





__ Upside-down rainbow 
_ The inversion changes the angle 


ce ae ee ee EP eR Tm 
ee ee oe 7 


the angle of refraction, a different colour of light will 
be reflected outwards; the result of this process is 
what we observe when we see a rainbow. 

Every rainbow is accompanied by another, 
secondary rainbow, but it’s usually too dim to see. 
This double rainbow effect is due to the continued 
reflection of light inside each water drop. Sunlight is 
actually reflected twice inside a drop: once to 
produce the primary rainbow and asecond time at 
the back of the drop. This second reflection inverts 


Secondary 

If the incoming light is 
strong enough, a faint 
secondary rainbow will 
be observable. 


= dark band 


_ The region between the 
| two rainbows appears 


__ at which the coloured light is 


emitted, ranging from violet at 54 


| reflected here is visible 
to the viewer. 
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What causes this colourful 
meteorological phenomenon? 


the light but undergoes the same refraction, so exits 
in the same way as before - though upside down. 
This second reflection reduces the intensity of the 
sunlight, but it also produces a second inverted 
rainbow, creating a double arc of multicoloured light 
in the sky. Interestingly, sunlight can reflect many 
more times inside a water drop so many more 
rainbows (three, four or even more) can be 
produced, but the incoming light is rarely strong 
enough for these to be visible by the naked eye. 


yNoloyele)(spesbealoyenniaslerey'(su nels 
Krimm1] Waterfalls in Austria 


"Every rainbow Is 
gccomponied b 
gnother secondar 
one, But it's usually 
too dim to see” 
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Cumulus Altostratus Cirrus 
These small clouds that A blue or greyish cloud Found at altitudes of up to 
look like bits of cotton formation, altostratus a lofty 12,200m 
wool don’t ever soar clouds are found at a (40,000ft), cirrus clouds 
above 1,980m (6,500ft) height of between 2,130m take on and reflect the red 
in the sky, which is still , (7,000ft) to 5,500m colour of the sunset you 

» higher than some others. fee (18,000ft). see at dusk. 





hat are lenticular cloud 












DXA 


Height 

A huge amount of ‘wave 
lift’ is caused by the 
topographic barrier of a 
mountain so these types of 
cloud form thousands of 
feet in the air. 


Airflow 

Originating from a strong 
wind, airflow is always 
very rapid in a lenticular 
cloud, making it great fun 
for hang gliders but not so 
good for aircraft, which 
avoid them at all costs! 


xplore the cloud formations that look suspiciously like UFOs 





Shape 

The shape is a distinctive 
saucer structure caused by 
the vertical wind flow in 
the centre of the 


Movement 

Due to being made up of 
mostly vertical wind flow 
(known as vertical 
oscillations), the clouds 
stay very still and can 
often form into stacks. 


Location 

Lenticular clouds form 
almost exclusively near 
mountains and hills. When 
a strong wind is 
interrupted by a tall 
landmass, a wind-wave 


a 
pattern is created. 


motionless cloud. 


The poles ———————> 
Particles travel along 

Earth’s magnetic field 

lines to the poles. Here 

they are deflected into 

the upper atmosphere. 


dei iare marcel al 
The aurora borealis 
: 1K) ale (om Kom=1| a LOlObr-LO10)\qaa) 
AN Wa aos} ) ai 2) a (6 (Q3]ECO° (62-250mi) in the air. 
The gasses in our , , 
atmosphere such as oxygen ’ 
Tale malinaeselslama=y-lermuidnmaal= , Colours 
charged particles. ; As the particles and 
gasses react, different 
colours are given off, 
(o(=\orelaleliareme)amualcmey<ls) 
that’s being hit. 


Oveyarelia (ey ats 
. To be able to see the 
Yeo) Fel mnilaletss . aurora borealis, you 
Charged particles are need a clear sky and 


|_| 
fired toward Earth by a lot of solar activity. 
solar winds. 


24 The jaw-dropping lights that 
‘s brighten the nightsky explained 
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The nitrogen cycle 


Wey) Essential to organic life, 
eel Nitrogen makes up most 


| ofthe Earth’s 
atmosphere. It is a major 
component in the building of 
protein in cells, andisvitalinthe 
production of amino acids. 
However, we cannot obtain 






nitrogen, asa gas, directly from 
the soil or air without it being 
combined with another element, 
and so it must go through aseries 
of four natural chemical reactions 
— nitrogen fixation, nitrification, 
denitrification and decay - 
knownas the nitrogen cycle. 
Understanding the stages of the 
nitrogen cycle can seem 
complicated because nitrogen 
can exist in several different 
forms. While food-making 
organisms get the nitrogen they 
need from nitrogen fixation and 
nitrification, animals and 
humans don’t make their own 
food and so must eat plants or 
animals that eat plants to get 
their fill. 

First, let’s take nitrogen 
fixation. Although there is avast 
amount of nitrogen gas inthe 
atmosphere, it must be fixed - or 
put into a biologically useful 
compound - for living organisms 
like us to be able to use it. Only 
then can it start to move through 
the ecosystem. Fixation starts off 
when bacteria convert nitrogen 
gas into ammonia in the soil. 
Special plants known as legumes 
also have certain bacteria in their 
roots that make this possible. 

Once in the soil, the nitrogen 
becomes biologically accessible, 
and nitrification is the process 
that takes nitrogen fixation one 
step further. Specialised bacteria 
use oxidation to convert 

















1s available to plants 
by constantly jerting the gas into 
ammonia. Nitrogen-fixing 











When an animal or plant dies, 










a va ead ues es i its waste matt d f 
ammonia into nitrite, and nitrite microokganttreeinmEneSoil fix Dead animals erent ee 
into nitrate, which plants can atmospheric nitrogen gas to ammonia and plants Peer tothe col ihe 
incorporate into their tissues. in a reduction reaction. Nitrogen bactaravand fangithat 
During what's knownas STANGER EIS TASCA a decompose the dead animals 


lightning: the massive amount of 


energy produced by a bolt enables ele Tp eTnLeex Sel ele NaI 


denitrification, plants take 


nitrogen from waterlogged soil by nitrogen in the atmosphere to fix to oe Anegee veune ERS 
. : : ‘ i proteins and urea) into 
absorbing nitrates and nitrates in the soil. ; é 
; ; j inorganic ammonia and 
ammonium ions, turning them : | ammonium compounds in 
into organic compounds. the soil. 


Nitrogen compoundsare also 
returned to the soil through 







Decomposers “e 





“98 = 6 - 
animal waste and decaying and ammonification mr >, 
plants and animals. *e ¢*.. 

Although the most abundant - — 


— 
form of nitrogen is obviously the e iz < 
air around us, the processes sail | 
through which nitrogen gets into | » we 7 . ; 
the rest of our ecosystem are - | y Ammonia fh 


essential for the circle of life. 


132 


T p The invisible element Liquid ice Big bangs Breathe easy Colourful effects 
: O . Nitrogen is colourless, When nitrogen is cooled to Nitrogen is even used in Nitrogen gas makes up 78.08 Nitrogen is responsible for 
below -196°C it turns into a explosives such as TNT. The per cent of the Earth’s the orange-red, blue-green, 


chemicals used in this kind of 
nitrogen compound break 
apart releasing huge 
quantities of gas. 


— a “ odourless and tasteless, and 
FA i i & i although practically inert at 


normal temperatures, when 


OMELET feriizersandpoicons, 


blue-violet, and deep violet 
colours that are visible with 
the aurora borealis (the 
northern lights). 


atmosphere; the rest is 20.95 
per cent oxygen, 0.93 per cent 
argon, 0.038 per cent CO,, plus 
traces of other gases. 


liquid that can freeze a 
substance in seconds. Handy 
in medicine for transporting 
blood and transplant organs. 


BEER ERR eRe ee Oe ee Oe 
BER EREeRERERERERERR ERE Fe om 
Oe ePe eRe eReR Re Ree ee 
BERBER ERERERERERERER ERR EF. 





We explain how living 
organisms make use of the most 
abundant gas on the planet 


Synthetic 
nitrogen fixation 


Although the nitrogen cycle is a natural phenomenon, we 
humans can affect things. For instance, the Haber-Bosch 
process, which is used in the industrial production of ammonia 
for fertiliser, contributes to the total fixation of atmospheric 
nitrogen. The Haber-Bosch process directly combines nitrogen 
from the atmosphere with hydrogen under high pressure and 
fairly high temperature, which, together witha 
catalyst such as iron, produces a reaction not 
possible at lower temperatures. The lower 
the temperature and the higher the 
pressure, the more ammonia is produced. 
Haber-Bosch remains one of the most 
fundamental processes in the chemical 
industry today. 


























Atmospheric 
nitrogen Nz 









Emissions from 
industrial combustion 
and gasoline engines 





Fertiliser 








3. Denitrification 
As you would imagine, denitrification is the 
opposite of the combined processes of nitrogen 
fixation and nitrification, and it takes place in 
waterlogged soils. Denitrifying microorganisms 
(bacteria) convert inorganic nitrogen (nitrates) into 
small quantities of nitrogen gas, which is then 
released back into the atmosphere. 


Nitrates NO37 


2. Nitrification 
Nitrification, which is only possible if the soil conditions are not too 





waterlogged, acidic or cold, converts ammonia in the soil into nitrates. ' — 
While ammonia is the primary product of nitrogen fixation, the Natural activities 
A a - conversion of ammonia to nitrites and nitrates (carried out by nitrifying 
Nitrites NOz bacteria) is nitrification. Plants absorb the nitrates and use them to ie Human activities 


make proteins. 
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Cirrocumulus 
Altitude: Above 18,000 feet 


Altocumulus 
Altitude: 6,000 to 20,000 feet 


Stratocumulus 
Altitude: Below 6,000 feet 
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Cirrus 
Altitude: Above 18,000 feet 


Cumulonimbus 
Altitude: From near the 
ground to above 50,000 feet 


Altostratus 
Altitude: Below 6,000 to 20,000 feet 


Stratus 
Altitude: Below 6,000 feet 


Cumulus 
Altitude: Below 6,000 feet 








Main facet | Main 


4 Weather symbols 





How to read and understand the symbols ona 
weather map 





WP) Weather forecast centres around the world are 
ales Constantly analysing atmospheric conditions 


on Earth. The public are then supplied with 


this information in the form of pictographic maps 
detailing precipitation, cloud, wind speed/direction, 
temperature, and frontal systems. 


Types of weather 


The other symbols found on a weather map include the 


various types of weather. The following classification 


symbols are based on those the MET Office uses. There 


are additional symbols for day and night variations... 


) 


xt 





Shape Symmetry 
The unique Water vapour branches Each branch 
shape of a freezes on toa Each snowflake extends 
snowflake is molecule of ice, develops six outwards at 
dependent on creating a flat branches from exactly the 
temperature surface called the central same rate as all 
and moisture. a facet. hexagonal facet. the others. 





crystals of ice formed? 


) The formation ofa 
snowflake begins 
2 whena microscopic 

cloud droplet freezes as a tiny 
ice particle. Water vapour 
that condenses on its surface 
causes the ice to develop flat, 
polished surfaces, known as 
facets, which continue to 
grow into a hexagonal prism 
shape. At each corner of the 
hexagon shape, new 
branches extend outwards 
each at the same rate. All 
snowflakes have six sides and 
can be either prism-shaped, 
plate-shaped or star-shaped. 

As the snowflake moves 
around within the cloud, it 
encounters a variety of 
temperatures that change 
the growth behaviour of 
each flake, causing the six 
branches of the crystal to 
grow in exactly the same 





Snowftlak 


How are these beautiful 





way, creating six-way 
symmetry anda unique flake 
every time. 
The first person to 
photograph a snowflake was 
American Wilson Bentley. 
Bentley took his first 
snowflake snap in 1885, using 
a bellows camera anda 
compound microscope, and 
went on to assemble a large 
collection of beautiful snow 


crystal images. 






Here’s one 
Imade 
earlier | 


Clear sky Sunny 
| 
FLL, 
nit |= 
i -| MIST 
Dust Mist 
Haze Medium-level cloud 
Drizzle Light rain 





Thunderstorm Tropical storm 


Hail Light snow 


Temperature (2) 


Temperature is shown asa figure (measured in degrees 





Ok 


Sunny intervals 


Fog 


ite 


Low-level cloud 





Heavy rain 





bY 


Sleet 


> 


Heavy snow 


Fahrenheit or degrees Celsius) depicted either bya 


number ina circle/square, or as an isotherm, whichisa 
line linking points of equal temperature. 


Wind 


Wind also features a figure that shows wind 
speed in miles per hour. This number is 
accompanied by an arrow to indicate which 


direction the wind is travelling. 


Pressure =o. =—=— 


Atmospheric pressure is shown in the form ofisobars, 


which are lines of equal mean sea-level pressure. When 


there is a difference in air pressure, air is accelerated 
from high to low pressure, causing windy conditions. 


Fronts 


Aweather front is the line ona map 
dividing two air masses of different 
densities. Here conditions will be 
unsettled. The symbols for fronts 
are arranged on lines consisting of 
semicircles, triangles ora mixture 
of the two. 


Cold front 

Associated with brief episodes of 
severe weather, and identified bya 
blue line with triangles that point 
in the direction of movement, a cold 
front marks the leading edge ofan 
advancing mass of cold air. Because 
cold air is denser, it pushes the 
warmer air up where it condenses 
into clouds and precipitation. 
Dense cold air also travels faster 
than warm. 


i Gp Ga Ga Gh Ga 
Warm front 

Slower-moving warm fronts are 
marked on weather maps asa red 
line with semicircles that pointin 
the direction of movement. These 
represent the leading edge ofan 
advancing mass of warm, moist air, 
bringing with it cloud, precipitation 
and warm temperatures. 


A@ A@ AA 


Occluded front 

This purple line of alternating 
triangles and semicircles denotes 
an occluded front, or occlusion, 
which forms when the faster- 
moving cold front catches up 
with the warm front, forcing 

the less-dense warm air up above 
the surface. 


awyewAyv 


These stationary, or slow-moving 
fronts represent the boundary 
between two air masses neither of 
which has the ability to replace the 
other. Stationary fronts are 
depicted by an alternating line of 
red semicircles and blue triangles 
pointing in opposite directions. 
Clouds and prolonged precipitation 
are associated with these fronts. 
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ny 


How are we able to hold back 
large surges of water? 


that weather 


“The simple fact 
unpredictable 


IS 


Get an insight into the future 
of energy generation 
power from the Sun using 


solar panels 


I 


ed? ets Charge your home with 


| 


— pe Solar power 





oat 


How does sunblock contribute 
towards protecting your skin 


the speed of the wind with 
from UV light? 


ananemometre 
Sunblock 
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9) Superhero 
jm can conjurerain, end droughts and 
create hurricanes with the power of 
her mind. Now, scientists and meteorological 
technology are opening more and more 
opportunities for us mere mortals to 
manipulate weather and Earth's climate. 

In 2009, Chinese meteorologists from the 
Beijing Weather Modification Office claimed to 
be responsible for the city’s earliest snowfall 
since 1987. Around 16 million tons of snow 
reportedly fell over drought-afflicted northern 
China after workers fired rockets carrying 
pellets of silver iodide into heavy clouds. 

The rockets were cloud seeding, a process 
invented in the late-Forties. Supporters claim it 
can reduce hail damage, increase rainfall and 
disperse fog among other things. There are 
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cloud-seeding projects in at least 20 countries 
worldwide, from Israel to Australia; in 2003, in 
the US alone, ten states were conducting at least 
66 cloud-seeding programmes. In China, 
around 32,000-35,000 people are employed in 
the weather modification industry. 

The big question in cloud seeding is: how 
effective is it? A 2003 US National Academies 
report concluded there was no concrete 
scientific proof it worked. According to 
Professor Michael Garstang from the University 
of Virginia, who chaired the report, the 
situation hasn't changed much since; there 
remains “a lack of definitive evidence,” he says. 

Even cloud-seeding supporters admit it 
doesn’t currently lead to a huge rise in rain and 
snowfall. “It doesn’t increase precipitation by 
50 per cent in most cases,” says Bruce Boe from 








; } : 


Weather Modification Inc, a private weather 
control company based in North Dakota, USA. 

US enthusiasm for weather modification 
research waned in the late-20th century, with 
funding falling to less than five per cent ofits 
Seventies peak. But there are signs of fresh 
interest in the field. The US National Science 
Foundation (NSF) is funding a cloud-seeding 
project in the Wyoming mountains, operated 
by Weather Modification Inc. New technology, 
such as advanced computer models and radar 
instruments that can see inside clouds is 
driving the resurgence of interest, says Boe: 
“We're bringing a lot of new tools to bear on the 
question. These tools weren't available before 
and they’re starting to bear fruit.” 

The Wyoming project, launched in 2005, uses 
aircraft-mounted radar and ground-based 


Geoengineering is ready «- One tech is enough It solves climate change - We can’t create rain It’s all a conspiracy 
Today’s geoengineering ideas No single ‘magic technology’ Geoengineering doesn’t stop There’s emerging evidence There’s no scientific evidence 
are untested or small-scale can cool the Earth. Future greenhouse gas emissions - that cloud seeding can make behind claims that HAARP, a 


the root cause of man-made 
climate change. It’s a ‘plaster’, 
pausing harmful warming to 
give us time to cut emissions. 


experiments. Cooling Earth by 
one degree Celsius would 
require a minimum five years of 
military-scale effort. 


geoengineers might use many 
fixes, like reflective buildings, 
a space-based deflector and 
encouraging reforestation. 


rain. An Australian project in 
2005-2009 found that rainfall 
increased in suitable clouds 
by an average 14 per cent. 


US facility studying Earth’s 
ionosphere, is a secret 
conspiracy for creating 
hurricanes as weapons. 


FACTS 


MYTHS BUSTED 
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BERR PP RSPR ER RR ESS 





OP EE) ALAM? A global survey in 2010 found 72 per cent of us supported research into reflecting sunlight to cool the planet 


instruments. It tests the effectiveness of 
seeding winter orographic clouds - which are 
cold clouds formed when air rises over 
mountains - with silver iodide. 

“In the mountains of the American West, 
these types of storms are the main target for 
cloud seeding. Often the clouds are not efficient 
at generating snow, so cloud seeding is used to 
enhance snow production,” says Dan Breed 
from the US National Center for Atmospheric 
Research (NCAR), who is evaluating the project. 

Another aim of the experiment is to increase 
snowfall by perhaps ten per cent a year, 
building up the winter snowpack so it’s 
available for use. The extra water running off 
the mountains each spring would be worthan 
estimated f£1.5-3 million ($2.4-S4.9 million). 

Cloud seeding affects the weather in a local 
region, but there are other technologies being 
devised to alter climate on a much bigger scale. 
Space mirrors and giant floating hosepipes 
might sound far-fetched, but they’re two 
proposals for geoengineering. Geoengineering 
is deliberate global modification of Earth’s 
climate to counter man-made climate change. 

Geoengineering may sound impossible, but 
serious scientists are investigating how it might 


(CTevey=Varellarevslal aren eltelarss 
Tate [ULe(=mlel=t-Komce)are)ae)iaiare| 
sunlight reflectors in space 
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cool down the planet. In the last few years, 
billionaire Bill Gates reportedly donated £2.8 
million ($4.5 million) to geoengineering 
research, and the UN IPCC report, asummary of 
what most scientists agree we know about 
climate change, mentioned geoengineering for 
the first time this year. 

Geoengineering is essentially ‘Plan B’ in case 
we reduce greenhouse gas emissions ‘too little, 
too late’ to avoid dangerous climate change, 
argues a 2009 report by the UK’s Royal Society. A 
temperature rise of just two degrees Celsius (3.6 
degrees Fahrenheit) could melt the Greenland 
ice sheet and cause a long-term sea level rise of 
seven metres (23 feet). That’s enough water to 
submerge both London and Los Angeles. 

To avoid this wide-scale warming, we’d need 
to cut global carbon dioxide emissions by 50 per 
cent of 1990 levels by 2050, according to the 
Royal Society. Yet emissions are still rising — by 
1.4 per cent during 2012. Even if we cut carbon 
emissions today, temperatures will continue 
rising for decades. The climate system is like an 
oil tanker - ie slow to turn around. 

Dr Hugh Hunt is an engineer from Cambridge 
University working on SPICE (Stratospheric 
Particle Injection for Climate Engineering) -a 


If fs 


UK government-funded geoengineering 
research project: “We don’t know what the 
scale of unabated climate change will be,” he 
says. “You've got to think in advance what 
emergency measures you might need, and then 
hope you won't need them.” 

There are two types of geoengineering. Solar 
radiation management (SRM) cools the Earth by 
reflecting the Sun’s heat back into space, while 
carbon dioxide removal (CDR) scrubs CO, - the 
primary greenhouse gas causing man-made 
climate change - from the atmosphere. 

Examples of SRM include space mirrors, 
injecting sulphate aerosols into the atmosphere 
through giant hosepipes and painting urban 
roofs white. One idea uses cloud seeding to 
make clouds more reflective. Fleets of 
unmanned 3,oo0-ton barges could sail the 
oceans, spraying clouds with saltwater. Salt 
particles should create more water droplets in 
the clouds, whitening them. Proposals for CDR 
include fertilising tiny marine plants with iron, 
growing new forests or fast-growing crops and 
burying charcoal, all of which lock up CO, and 
remove it from the air. Most geoengineering 
proposals remain in the lab at this stage. 

“We can do very little right now because the 


Special barges could send 
up sea salt to whiten clouds 
and help reflect sunlight 





New technology has 
led to a resurgence in 
cloud-seeding projects 
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Cloud-whitening barge © John MacNeill Illustration 























Helium balloon 
A helium balloon the size 
of a football stadium is 
attached to a hosepipe 
and tethered to a ship. 


Volcano balloons 


Hosepipes attached to giant helium 
balloons would spray particles high 
into Earth’s atmosphere to mimic the 
cooling effect of volcanic eruptions. 
For example, aerosols released by the 
1991 Mount Pinatubo eruption cooled 
global temperatures by an average 
0.5°C (0.9°F). The proposed balloons 


Weather-changing tech in action 


Discover the machines and techniques capable of adapting Earth’s climate 











Space mirrors 

A giant sunshade made of 
tiny mirrors could be put 
into orbit to cool the Earth. 


Tethered pipe 
The hosepipe pumps 
particles to 25km (16mi) 


Taking decades and 
trillions of dollars to 
deploy, its effect on our 
weather is unknown and 
it would not stop the 
oceans acidifying. 


Reflective buildings 
Painting roofs white and brightening roads/pavements 


should help bounce the Sun’s heat back into space and cool 


the Earth, but some scientists believe white roofs could 
reduce cloud formation and increase warming. 


Enhanced weathering 
This would involve spreading crushed olivine - a silicate 
mineral - over agricultural land, which chemically reacts 
with CO, to produce alkaline limestone; this could then be 
used in the ocean to reduce acidity. A simple idea, but 
would require huge mining and chemical plants. 


Artificial trees 

These towering machines would 
scrub carbon dioxide from the air, 
turning it into liquid that can be 
stored in porous rocks beneath the 
oceans. Millions of artificial trees 
would be needed and the CO, needs 
storing for millions of years. 


Reflective crops 

Certain crops, shrubs and grass reflect 
more sunlight back into space than 
others. This would be cheap to 
implement, but needs a huge land area 
and has unknown effects on food 
prices, plant growth, disease and 
drought resistance. 


Biochar 

Biochar is charcoal produced by ‘cooking’ 
plants or manure with little or no oxygen. It is 
decay-resistant and can store carbon in soil 
for thousands of years. Useful on a small scale, 
but growing biochar crops conflicts with the 
demand for food and biofuel production. 


technology hasn't been developed to intervene 
ona planetary scale,” notes Andy Parker. 

Still, there are a few examples of outdoor field 
tests. The SPICE project included a plan, later 
abandoned, to pump water one kilometre (0.6 
miles) vertically through a pipe attached toa 
helium balloon. Its aim was to test the 
feasibility of squirting sulphate aerosols 
through a giant hosepipe 20 kilometres (12 
miles) above the ground. “We don’t know if it’s 
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technically possible,” continues Dr Hunt. “No 
one has built a 20-kilometre (12-mile) pipe that 
goes vertically upwards.” Among his 
unanswered questions are, firstly, can we build 
and launch a balloon big enough, and secondly, 
can we build a pipe strong enough? 

Other geoengineering proposals rely on 
pre-existing technology. Fertilising oceans 
with iron, for example, has already happened 
onasmall scale although not necessarily 


would be the largest and tallest 
man-made structures in history. 


above Earth’s surface - 
double the cruising 
height of your average 
commercial airliner. 


Reforestation 

Regrowing trees in previously 
forested areas to increase the carbon 
dioxide they absorb is cheap and 
safe, but conflicts with the 
ever-rising demand for agricultural 
land for food and energy production. 





legally. It needs lots of tanker ships, chemical 
plants and iron. “There's nothing technically 
difficult about that,” says Professor Andy 
Ridgwell from Bristol University. 

It would take hundreds of years to see results 
from iron fertilisation and other CDR 
technologies though. They rely on slow natural 
processes, such as fertilising tiny marine plants 
that transport carbon into the deep ocean when 
they die. “You can’t suddenly pull loads of 


KEY 
DATES 





tries proving noise causes 
downpours by exploding 
dynamite kites over Texas. 


MAN-MADE 
WEATHER 








Rainmaker Robert Dyrenforth Vincent Schaefer performs } 
the first cloud-seeding 

experiments, dropping dry 
ice pellets into clouds. 


1952 


34 die in a flood in 








cloud-seeding Operation 
Cumulus is blamed. 
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Operation Popeye, asecret The Chinese government 

tries to prevent rain at the 

2008 Beijing Olympics by 
launching 1,104 rockets. 







seeks to deluge enemy 
troops in Vietnam. 




















® Spray of particles 

The hosepipe squirts the particles 
into the stratosphere, scattering 
solar radiation back into space. 












the particles. Heat 


air into the cloud, 
» thickening it. 


© Clouds seeded 


Silver iodide or salt is 
sprayed into clouds from 
a plane, with a rocket or 
from a floating barge. 


® Droplets form 
Water droplets attach to 


released during droplet 
formation draws moist 


- ® lron added 
lron sulphate is added to 
the equatorial Pacific 
and Southern oceans, 
which have limited iron 
for marine plant growth. 


arbonate addition 
Adding powdered limestone - an alkali - 

to Earth’s oceans could counteract the 
acidifying effects of greenhouse gases. 
Alkaline oceans also absorb more CO, from 
the atmosphere, but changing seawater 











Cloud seeding 


Cloud seeding is a technique for man- 
made rainmaking already used around the 
world to varying degrees of success. 
Rainfall naturally occurs when water 
droplets attach to sand, dust or salt 
particles. Cloud seeding squirts extra 
particles into clouds to spawn new 
raindrops. Salt is used in warm tropical 
clouds, while silver iodide is added to cold 
clouds to create extra ice crystals. 

Some scientists believe cloud seeding 
can brighten clouds to counteract climate 
warming too. The extra particles make the 
clouds denser, whiter and more reflective, 
deflecting more sunlight back into space. 


© Rain falls 

The droplets or ice crystals 
collide, growing bigger and 
heavier until eventually they 
fall as precipitation. 


Ocean fertilisation 


Marine plant life is at the core of the ocean 
food chain. The plants are a source of food 
for other marine life, and happen to take 
up and bind carbon dioxide as well. They 
rely on the availability of nutrients to grow 
- most commonly nitrogen or iron. 
Fertilising the oceans with iron sulphate is 

_ believed to increase their growth and 
reproduction, which would in turn increase 
the amount of carbon dioxide they take up, 
- reducing the effect of carbon emissions. 
Some scientists also believe that the 
increased marine plant life may increase 
the number of fish in the sea, in turn 
improving our food supply. 








® Microalgae bloom 
The rich iron supply creates vast blooms of tiny 
| marine plants, which take up CO, as they grow. 


© Carbon locked away 

As the plants die, some fall to the ocean floor, 
taking locked-up carbon dioxide with them 
which becomes buried as sedimentary rock. 





alkalinity might harm certain marine life. 


carbon dioxide out of the atmosphere with any 
of them,” explains Professor Ridgwell. “They 
lend themselves to gradual mitigation.” 
Growing vast new forests or fast-growing 
crops competes with existing land uses, 
explains Dr Tim Lenton from Exeter University. 
The idea is to repeatedly harvest fast-growing 
crops like eucalyptus, which capture the 
carbon dioxide they use to grow. Crops growing 
on the best soils take up the most carbon, but 


you want to use those soils to grow food. “The 
plausibility problem is that you’re in potential 
competition with other land uses in a world 
where dietary demands are rocketing.” 
Reflecting sunlight back into space with 
aerosols is the fastest geoengineering method. 
It mimics the rapid cooling effect of a large 
volcanic eruption. “Once you start blocking out 
some sunlight, temperatures drop quite 
quickly,” explains Andy Parker. For example, in 


Can we stop 
a hurricane? 


Hurricane Katrina in 2005 was arguably the 
worst natural disaster in American history, and 
many scientists believe hurricanes will only 
worsen with climate change. 

So there’s no shortage of ideas for stopping 
these devastating storms. In 2009, Bill Gates 
backed a proposal to halt hurricanes by towing 
tub-like barges into their path. These would cool 
the warm ocean waters fuelling the storm. 

Most plans underestimate a hurricane’s power 
though; according to the NOAA Hurricane 
Research Division, one storm can release the 
energy of 10,000 nuclear bombs. For example, to 
fight a hurricane with water-absorbent powder 


you’d need hundreds of planes to make sorties 
every one and a half hours. 

Some therefore argue that it’s cheaper and 
more practical to adapt to hurricanes by, for 
instance, building stronger houses. 


> 





The risks of 
geoengineering 
Geoengineering is controversial because it involves 
large-scale changes to Earth’s climate. Critics 
discuss possible negative side effects, like that 
ocean fertilisation might cause toxic algal blooms, or 
that geoengineering gives industry and government 
excuses not to cut carbon emissions. 
Geoengineering also raises issues of ethics. 
Cooling the climate with sulphate aerosols “is 
potentially cheap enough for single countries to do”, 
says Professor Andy Ridgwell, Bristol University, but 
could impact other countries’ climates as well. 
Others fear ‘rogue’ geoengineers. For example, an 
American businessman dumped 100 tons of iron 
sulphate into the Pacific in July 2012 in an 
unauthorised ocean fertilisation scheme. 


the two years following the eruption of Mount 
Pinatubo in the Philippines in 1991, global 
temperatures cooled by about 0.5 degrees 
Celsius (0.9 degrees Fahrenheit) on average. 

So realistically how fast could we cool the 
planet? Dr Hunt concludes: “Let’s suppose the 
Greenland ice sheet completely melts and we 
get a one-metre [3.2-foot] sea-level rise. It could 
be done in five years - if we've got time to think 
about it, 20-30 years from now.” ™ 
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Allowing engineers to test , » 
aircraft designs in the lab, 
wind tunnels are invaluable 


Konsyel(-yelubulepassyeysbaeal 


=, | Awindtunnelsimulates 
KGe) EBLE BEloloesltraatecsilangeyt 

iu | air around, for example, 
an aeroplane ora building. This 
allows designers to work out the 
impact this airflow will have on 
id aCcmebedtsercrem o)aelolblem-belemestNcs 
(esDacesbeleme)t-valacpesleyas 
aerodynamic and structures more 
wind resistant. 

AVVobetemabbevelclisr-VacwtcNexcnebaevutene 
inblorcrmaabaelercdemuuenleer-vlatsne)lennieel 
shee) elcmebbasremleyemeyvacat-velme-belsmanel= 
test object - usually a scale model 
(oh d olexs (emer) mol=itea eben paslelepelncrel 
in the centre. In the case ofan 
aircraft ora plane, in reality 
the object will be moving while 
the air stays still, but this doesn’t 
matter as long as the relative 
velocity between the airand the 
object is the same. An enclosed 
cylinder is needed to allow for 
uniform airflowin one direction 
(known as laminar flow), 
simulating the airflow pasta plane 
moving in astraight line or the 
wind hitting askyscraper. # 


The role of each 


sectionexplained = 


Internal casing ~ 
Kept as smooth as possible 
to minimise friction between 
the wind tunnel and air, 
which would introduce 
turbulence to airflow. 


Settling chamber 


Air produced by fans is highly turbulent. Metal 


grating with a series of holes filters air current 
to create stable, unidirectional flow. 
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Anatomy of a 
wind tunnel 


5a" 




















Test object 

As some drag from walls is 
inevitable, the object is mounted in 
the centre of a wind tunnel where 
air stream is most stable. 


Testing in the supersonic wind 
tunnel at NASA’s Lewis Flight 
Propulsion Laboratory 
———— . 

















Closed loop 

Most - but not all - wind tunnels save 
energy by feeding the moving air from 
the exhaust back to the input. 


Fans 

Most wind tunnels use fans or 
banks of fans, although the very 
fastest use explosive expansion 
of compressed air. 


Lighting 

Illumination is usually provided by shining 
light in through windows - lighting would heat 
up air and produce turbulence. 


Observation windows 

Kept level with the inside of wind tunnel and usually 
curved to keep inside as smooth as possible and 
prevent introduction of turbulence. 


Both photographs ©NASA 












1. Mechanical 2. Pressure SLC a 3. Sonic 
Facts: These mechanically based Facts: The earliest kinds of ia 


| i IS Facts: Ultrasound anemometers 
work through transmitting sonic 
pulses between two receivers. The 
delay in receiving these pulses can 
be analysed in order to gauge wind 
resistance, therefore speed. 


anemometers, they work by 

measuring the pressure wind can : ; 

place on a set area, which in turn Bete 
=, 

depresses a spring. However, they 

only work for high strength winds. 


anemometers are not the most 
precise and accurate way of 
measuring wind speeds, but they 
are the most commonly used due 
to their simplicity and ease of use. 


HEAD ~ Oat 
HEA Fie 
TYPES OF - 
ANEMOMETER 















2. Spindle 


As the spindle turns it 
drives a small electric 
generator located 
beneath it. 


Measurin 


wind speed 


Anemometers can often be spotted in 
weather stations, but how do they 
actually give information to 
meteorologists about wind speed? 





Wind speed is measured in 
knots and wind barbs show 
the direction and speed of 
winds on weather maps. 


| There are several types of 
anemometer employed to gauge 
# wind speed, but the one we 
would most probably recognise is the cup 
anemometer. These have three cups 
spaced equal distances apart onarms 
horizontal to a central shaft. The cups 
catch the air asit drives past them, 
causing the shaft to spin. By counting the 
number ofturns occurring in asecond, 
you can then calculate the average wind 
speed. Some cup anemometers also have 
tiny electricity generators built into them 
that calculate wind speed by analysing 
how much energy the spinning 
anemometer is creating instead of 
counting the spins. 

There are also many other types of 
anemometers, which work using lasers, 
ultrasound measurements, pressure 
sensors or temperature sensors. Hot-wire 
anemometers, for example, work through 
the heating ofa fine wire to a set level 
above ambient atmosphere temperature, 
and then by the precise recording of the 
speed of cooling caused by wind passing 





the wire, wind speed can be detailed. 
Although these are delicate, they are 
extremely good when trying to analyse 
wind fluctuations. 





1. Revolving 
Cups 

The cups are driven by 
the wind and turn the 
spindle to which they 
are attached. 


4. Electric 
meter 

The electric meter is 
calibrated in wind 
speed. Devices like 
these range from five 
to 100 knots. 


Sunblock 


How does sunblock protect your skin? 


ey The largest organ of the body, 
\ your skin isan amazingly 

2 durable and sophisticated 
substance, and yet it remains 
vulnerable to the Sun’s ultraviolet rays. 
Apart from covering up with clothing, 
the next best way to protect this 
precious layer is to wear sunscreen. The 
Sun undoubtedly has its benefits: for 
example, exposing skin to sunlight 
enables the body to produce vitamin D, 
whichis essential to healthy bones. 
However, you still need protection, not 
only from the UVB rays that cause 





sunburn, but also from the UVA rays 
that penetrate into the skin and damage 
cells, causing ageing and leading toa 
higher risk of skin cancer. 

Sunscreens can work in two ways and 
contain either organic chemical 
compounds, physical ingredients, ora 
combination of the two. While chemical 
sunscreens absorb the UV light that 
tries to pass through them, physical 
sunscreens act like a natural mirror that 
reflects the rays away from the skin, 
making it safer for you to enjoy the 
sunshine, just don’t forget to reapply! 


They point in the direction 
the wind is coming from. 


Calm (0-2 kn) 







3. Generator 
The generator 
produces an output 
that operates an 
electric meter. 


38-42 kn 
48-52 kn 
58-62 kn 


98-102 kn 


43-47 kn 


53-57 kn 


63-67 kn 


103-107 kn 





all | 
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Looks like high pressure 
has moved in... 





THe seullEal be Si & US 














Cold front 


Cold front 
conditions 

As the warm air is forced 
upwards so quickly, when it 
cools and condenses it forms 
cumulonimbus clouds and 
therefore heavy rain or 
thunderstorms. Cumulus clouds 
follow on from this, with 
showery conditions and 
eventually clear skies. 





Heavy, cool air comes from the east behind a 
body of warm air, which is forces sharply 
upwards. The quick movement of air causes 
cool, windy conditions. 








Es = 





To take an umbrella or not? 
How we get those all-important forecasts... 


) Thesimple fact of the matter is that 
| weather is unpredictable. So howis it 
J that we can gather information and 
make predictions about what conditions on Earth 
will be like? 
Most weather phenomena occur as a result of 
the movement of warm and cold air masses. The 
border between these bodies of air are knownas 
‘fronts’, and it’s here that the most exciting weather, 
including precipitation and wind, occurs. 
Asabody ofair passes across different types of 
terrain -such as over the oceans, low-lying areas or 
even mountainous regions - air temperature and 
moisture levels can change dramatically. When two 
air masses at different temperatures meet, the less 
dense, warmer of the two masses rises up and over 
the colder. Rising warm air creates an area of low 
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pressure (a depression), which is associated with 
unsettled conditions like wind and rain. 

We know how a frontal weather system will 
behave and which conditions it will produce down 
on the ground. The man who first brought the idea of 
frontal weather systems to the fore in the early 20th 
Century was a Norwegian meteorologist called 
Vilhelm Bjerknes. Through his constant observation 
of the weather conditions at frontal boundaries, he 
discovered that numerical calculations could be 
used to predict the weather. This model of weather 
prediction is still used today. 

Since the introduction of frontal system weather 
forecasting, the technology to crunch the numbers 
involved has advanced immeasurably, enabling far 
more detailed analysis and prediction. In order to 
forecast the weather with the greatest accuracy, 





meteorologists require vast quantities of weather 
data - including temperature, precipitation, cloud 
coverage, wind speed and wind direction - collected 
from weather stations located all over the world. 
Readings are taken constantly and fed via computer 
toa central location. 

Technology is essential to both gathering and 
processing the statistical data about the conditions 
down on Earth and in the upper atmosphere. The 
massive computational power inside a 
supercomputer, for example, is capable of predicting 
the path and actions of hurricanes and issuing 
life-saving warnings. After taking the information 
collected by various monitors and sensors, a 
supercomputer can complete billions of calculations 
per second to produce imagery that can reveal how 
the hurricane is expected to develop. 


HEAD 


HEAD 


FREAKY 
WEATHER 








1. Moonbows FREAKIER 2. Sundogs 

These are rainbows A phenomenon whereby there 
caused by moonlight. appears to be more than one sun 
They often appear white in the sky. Sundogs are faint 


to the naked eye, and 
appear best with a 


rings of light created when 
horizontal ice crystals in the 














3. Raining 
animals 

It has been known to 
‘rain’ frogs and fish. It is 
thought that the animals 
are picked up during 
tornadoes over water. 
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Warm and 
cold fronts 


What do these terms mean 
and how do they affect us? 
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Warm front 

This is where warm air from the 
south meets cold air from the north, 
and the warm air rises gradually 
above the cold air. 





WEATHER FORECAST MA 


High pressure 

Weather here will be clear and dry, due to the 
high pressure. If this high pressure occurs in 
summer weather will be warm, whereas in 
winter it will be cold and crisp. 
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In practice Warm front conditions 

The red curves of a warm front As the warm air slowly rises, it cools and 

and blue triangles of a cold front condenses and clouds are formed. These 

are shown on a map to show are nimbostratus, causing steady rainfall, 

where the fronts are, where then altostratus accompanied by drizzle, 

they’re heading and the weather and finally cirrus, when clearer skies can 

they'll bring. be seen. 
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Learn what these weather-related 
signs and symbols mean 


Wind Low pressure 
The conditions at this point will be windy. At the centre of these 
This is indicated by the position of the circular patterns of 


isobars is where 
systems of high or low 
pressure lie. Where 
there is low pressure 


isobars; the closer together they are the 
windier the conditions. 


















aa conditions will be rainy 
8 —— ~ and windy. 
cae ‘ 
lsobars a : Occluded 
These indicate | _ “sa | — front 
atmospheric pressure. 2% : <> > This is where one 
Areas of equal “0, = ; LB: : front ‘catches up’ 
atmospheric pressure are ‘Q ' with another. In this 
joined together with the ; ~ > » | bb example, the cold has 
lines shown and the Re | caught up with the 
numbers indicate f warm. Occluded 
pressure measured in \ i. fronts cause the 
millibars. Lower numbers . vie weather to change 
indicate low pressure, ‘ Z quite quickly and, in 
while higher numbers ~Y a | -_ this case, become 
indicate s ey ry | similar to that of a 
high pressure. a Ta Bs F 4 2 cold front. 
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Cold front In between Warm front 


As with any cold front, the weather here will 
be expected to be cool with heavy rainfall and 
possibly even thunderstorms. This will be 
followed by showers. 


After the passing of the warm front and 
before the arrival of the cold front 
conditions should be clear and dry, but 
normally only for a short period. 


The warm front will cause steady rainfall, 
followed by drizzle, accompanied by cloudy 
skies. These are typical conditions caused by 
any warm front. 





Stormy 
weather 


Hail 

The tops of storm clouds 
are full of tiny ice crystals 
that grow heavier until 
they fall through the 
cloud. The biggest hail 
stone on record was 
17.8cm (7in). 


Lightning 

A flash of lightningisa 
giant spark caused when 
the moleculesina 
thunder cloud collide and 
build up static electricity. 
The flash occurs when a 
spark jumps througha 
cloud, or from the cloud to 
the ground, or from one 
cloud to another. 


Thunder 


This is the noise produced 
by lightning. An increase 
in pressure and 
temperature cause the air 
nearby to rapidly expand, 
which produces the 
characteristic sound ofa 
sonic boom. 


Storm cloud 

Your typical run-of-the- 
mill cloud can be 
hundreds of metres high. 
Astorm cloud, however, 
can reach heights of over 
ten kilometres (that’s 

six miles). 


How many...? 
16 million thunderstorms 
occur each year globally. 
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Michael Fish 





e-—we As the jokes go, whenever rain is 
forecast, there will be sunshine and 

See whenever sunis forecast, it will rain. 
But there is no instance more memorable than 
when Michael Fish MBE assured the nation that 
the Great Storm wasn’t coming. On15 October 
1987, Fish denied plausibility of a report of an 
incoming storm. Then the storm hit. 

We spoke to Fish about his love of the weather 

and his aspirations to experience being at the 
centre ofa hurricane. 





You started your education at Eastbourne 
College. What did you do there that led you 
towards meteorology? 

Lots of people ask me that and I’m never really 
sure about the answer, but I think it was 
triggered by the horrendous floods of 1953. 
Along the east coast and in Holland nearly 2,000 
people drowned. Although I havea feeling I 
would have developed an interest anyway, that 
was such a major weather event that I think it 
was the trigger. 


How did you get in to the Met Office? 

I was determined to join the Met Office so I went 
on to get the right qualifications. I studied and 
passed Maths, Physics and Chemistry at A-level 
then went straight into the Met Office withina 
few weeks of leaving school. And in those days 
it was quite easy to step into the career you 
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Michael Fish 


wanted. I know these days, of course, I would 
imagine it’s much more difficult as the Met 
Office is hardly recruiting these days. 

I just had an interest in that sort of thing; you 
have interests, and my interest was weather. I 
wanted to bea weather forecaster. There was 
nothing about radio or television that attracted 
me, so the goal was purely to be a weather 
forecaster or possibly even doing some research 
into atmospheric sciences. 


What technology or science did you use to 
predict the weather? 

Well, when I first joined the Met Office there 
was no such thing as technology really. Your 
tools were a pencil and rubber. In the early 
Sixties the Met Office got its first computer and 
produced its first numerical forecast. We also 
got the first weather satellites, which wasa 
giant leap forward. But even so, the basic 
forecast was done by human beings witha 
pencil and rubber. It wasn’t possible to do 
forecasts for more than a day or two ahead due 
to the lack of facilities and computing power. 
And now, with the world’s biggest computer, it’s 
possible to forecast for ten or fifteen days with 
no problem whatsoever. It is predicted that 
they’ll be able to produce really accurate 
forecasts that pinpoint things to a few hundred 
metres and look weeks and maybe months 
ahead. No human being could ever do that. 


On the Met Office, predicting the 
weather and that1987 forecast 


Do you think it will make individuals like 
yourself irrelevant? 

There will always be a human to interpret the 
information. Unless you can teach the computer 
to speak, then Isuppose you won't need a 
weatherman on the radio. But no, a human 
being has to keep an eye on the input and 
output because computers don’t think for 
themselves. It can blindly take in duff 
information and calculate the mathematics 
completely wrong. Otherwise you can leave the 
computer to do the job better than you could. 


Naturally I have to ask about the Great 
Storm of 1987, could you take me through 
your day? 

I can’t really remember most of it. I wasn’t even 
on duty. Bill Giles was the forecaster on duty the 
afternoon and evening before, and he gavea 
very low-key forecast about it being breezy up 
the channel. The previous day I had said, 
“Batten down the hatches, there is some 
extremely stormy weather on the way.” 

As far back as the previous Sunday, the 
computer had predicted that there would be 
horrendous gales at the end of the week. But as 
it got nearer and nearer to the event, the 
computer slowly changed the track of this 
particular deep area of low-pressure. So where 
on the Sunday it had forecast the storm to hit 
south-east of England - which is where it did hit 
— by the Friday morning, when I was on duty, it 
said it was going to cross northern France and 
we were only going to experience strong winds. 
Hence why Bill Giles said it was going to be 
breezy up the channel. 

But, of course, Sod’s Law decreed and at the 
very last moment it changed course and caused 
the devastation we saw. It’s unfortunate that 
the computer didn’t get all the information it 
would usually get to do its sums. 


The Great Storm aside, what would you say 
was your most life-altering experience of 
extreme weather? 

I think it was during my first month at the Met 
Office, when I was working at Gatwick Airport. 
London had its last great smog and all flights to 
Heathrow were diverted to Gatwick. There was 
absolute chaos because the planes couldn’t be 
parked anywhere. Shortly after that, at the end 








of 1962 to the beginning of 1963, we got the most 
severe winter that the country’s seen for over 
100 years. Everything in the house froze up, I 
froze up and all the rest of it. It was quitea 
dramatic welcome to the Met Office, with some 
of the most severe weather for hundreds of 
years being forecast. 


If there was one extreme weather event you 
would like to experience in your life, what 
would it be and why? 

I want to experience a hurricane. I want to go on 
one of the American Weather Bureau flights 
that run into the centre of a hurricane in order 
to take measurements of the wind, the 
pressures and so on. Or if that was not possible, 
I would get myselfin a safe place and 
experience a hurricane on the ground. I’ve done 
storm chasing on a couple of occasions, so I 
have seen and experienced tornadoes, but I’ve 
never seen or experienced a hurricane. Ora 
typhoon. I'll go to Japan as well as America. 


In the future, do you think we'll 
experience another Ice Age or feel the 
effects of global warming? 
We're certainly not going to have another Ice 
Age for the very reason that global warming is 
having an effect. I give lectures on global 
warming which I title ‘The Ultimate Weapon of 
Mass Destruction’ because there is no doubt 
that millions of people have already died asa 
result of global warming. 

Billions of dollars of damage has been done 
— not least to the British Isles early this year - 
and it’s only going to get worse. It will be more 
severe everywhere. There are going to be more 
hurricanes, more floods, more typhoons, more 
devastation. The average temperature of the 
world will continue to rise and it could get to 
quite dramatic levels by the end of the century 
if nothing is done about it. The problem is even 
ifwe do something about it now, it’s probably 
too late. 


Do you think there is anything we can do 
about global warming? 

We can slow it, but we can’t stop it. What we 
have done already is going to continue for the 
next hundred years or more. But we can slow 
global warming and hopefully make it more 
manageable. But it is going to have to be done 
quickly to make a difference. 


Catch Fish on www. netweather.tv every 
Thursday giving a video forecast and lectures 
on the impact of global warming. 





‘The problem is even if we do 
something about it now, it’s 
probably too late” 
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Renewable vs 
non-renewabie energy 


What will we do when all the fossil fuels run out? 
Sources of energy 


The pros and cons of all our available energy options 


| We have already discovered 
lots of new sustainable sources 
of energy in our mission to 





replace fossil fuels, and it’s likely we will 
discover several more as science and 
technology progresses. 

However, renewable sources 
currently only supply about ten to 20 per 
cent of our energy needs, as obstacles 





(renewable) 
Can power single 
households as well 
as entire towns 
Gives off no 
greenhouse gases 
Noisy and expensive 
to set up 
Reliant on wind 


(renewable) 


Predictable and 
reliable energy source 
Gives off no 
greenhouse gases 
Expensive to set up 
Can have negative 
effects on the 
environment 
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such as cost and efficiency mean we are 
still relying on coal, oiland gasa great 
deal. As with most forms of technology, 
it’s likely that cost will decrease and 
efficiency will increase over the course 
of time, but what else is stopping us from 
switching to solar, wind andall the 
other renewable sources that are 
available to us? 


al 


(renewable) 


Can provide 
electricity and fuel 
Cheap and abundant 
source of energy 
Gives off CO, 

when burned 

Only renewable if 
crops are replanted 





m, 


(non-renewable) 


Raw materials are 
efficient and inexpensive 
Does not give off 
greenhouse gases 
Nuclear waste is highly 
toxic 

Nuclear reactors are 
expensive to run 
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(renewable) 


Solar panels are quiet 
and low maintenance 
Gives off no 
greenhouse gases 
Panels are expensive 
to manufacture 
Reliant on sunlight 


























(non-renewable) 


Cheap to mine 
Abundant supplies 
worldwide vA 4 
Gives off CO, 
when burned 
Destruction of land 
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V4 (non-renewable) 


| (non-renewable) (renewable) 
Easy to extract and Cleaner than oil Cheap and abundant 
distribute or coal source of energy 
Powerful and Easily transported Sustainable, long 
versatile fuel Gives off CO, term source 







Gives off CO, when burned Gives off CO, 
when burned Dangerous to when burned 
Difficult and costly work with Only renewable if 


to find new sources trees are replanted 
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(renewable) 


Creates water reserves 
as well as energy 

Gives off no 
greenhouse gases 

Can cause flooding of 
local areas 

Expensive to set up 


No harmful gases ra ; 
are produced 
Abundant energy 
supply 

Expensive to 

set up 

Reliant on 
volcanic activity 
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Charge your gadgets, heat your home and even 
get paid for generating your own electricity 


) Renewable forms of power generation 
ym are essential. As the fossil fuels we 
& currently rely on begin to run out, we 
need to find a replacement for the world’s energy 
needs. The impact that burning oil and gas has 
on the environment must also be addressed if 
we are to stop and reverse the effects of global 
warming. One of the main forms of renewable 
energy that has now entered the mainstream is 
solar power. 

Capturing even a fraction of the Sun’s energy that 
hits the surface of the Earth could mean we are able 
to close our gas and coal-fired power stations. The 





150 


Sun works by emitting solar radiation that is 


equivalent of 1,367 watts of power per square metre. 


This is knownas the ‘solar constant’. 

The Sun is a massive fusion reactor, pumping out 
its energy (3.8 x 1026 joules per second) in all 
directions. On the Earth we only feel a fraction of 
this energy. The Sun actually delivers about 7,000 
times more energy to the Earth’s surface than we 
globally generate and use at the moment. The 
tricky partis capturing that incredible energy and 
using it efficiently. 

Solar cells are properly known as photovoltaics, 
as the process of converting light (photo) into 


electricity (voltage) is achieved within the 
photovoltaic cell. When sunlight hits the cell, 
which is usually made out of silicon, it makes 
electrons come loose from the atoms they are 
attached to. This action produces electricity. The 
more sunlight that hits the cells the more electricity 
is produced, which you can then use to heat your 
water or charge your phone. 

Across the world, every country is looking closely 
at how they can use more renewable energy sources. 
Not surprisingly, solar power is most popularin 
countries lucky enough to get sustained periods of 
sunshine. Spain and Portugal currently lead the way 


Wind 


5 TOP 


FACTS 


ALTERNATIVE 
POWERS 





Wind is actually a form of solar 
energy caused by the Sun 
heating our atmosphere. Wind 
farms simply use the wind to 
drive a turbine that generates 
the electricity. 


Nuclear 


that drives a turbine to 
produce electricity. 


SSG RGGBGGHRBR HERR ESES 


Nuclear reactors work by using 
fission, the splitting of atoms 

to produce energy. That 
energy is used to create steam 


Tidal 


SCRE TTR RSS 


MM YOOKAIWP Horace de Saussure built the first solar collector in 1776 


Photovoltaic cells in action 


If the sun isn’t shining 





1, Atoms are 2. Sunshine will excite 3. No electricity 
not excited the electrons Is produced 
Nosunlight means the Electrons will only break free Without free-moving 
atoms remainat rest. when sunlight excites their electrons electricity can’t 


parent atoms. 


sWabtspo)alelrenre)ir-tleder-lealse 
siVelswolenii@bebxeley aoa! 
Freising, Germany 


with ambitious plans to develop 
more of their energy generation via 
solar power, while America is 
planning to build the world’s largest 
solar power station. 

All this talk of solar energy and 
the fact that the Sun delivers much 
more energy than we need should 
be put into context - we don’t yet 
have highly efficient solar cells to 
harness the free energy. Ifyou 
compare the output ofyour gas 
boiler to that of the currently 


be generated. 





available solar cells, they're only 
around 18 per cent efficient. 

However, this is stilla massive 
leap forward from the 3-5 per cent 
efficiency that early solar panels 
could manage. The race is now on to 
develop more efficient photovoltaic 
cells to let us capture more of the 
sun’s precious energy. Current 
research is looking at organic 
photovoltaics, nanotechnology and 
even the ability to print solar cells 
onto just about any surface. 
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Tidal turbines (like under 
water windmills), barrages or 
wave turbines all use the 
movement of the oceans or 
bodies of water to generate 
their electricity. 


Hydro 


From water wheels to massive 
dams, harnessing the energy 
of falling water is the basis of 
hydropower, making it the 
most efficient renewable 
energy source available. 


Geothermal 


Water that’s been turned into 
steam often escapes onto the 
surface of the Earth. 
Geothermal power stations 
capture that steam and use it 
to drive turbines. 


What goes on inside a solar 
cell on an atomic level? 


If the sun is shining 





1. Electrons 


set free 


Sunlight agitates the 
atoms until their 
electrons are set free. 


2. Some atoms will 3. A circuit is made 
remain attached and electricity 
Notallatoms IS produced 

are dislodged to create The metal contacts make the 
electricity. circuit that illuminatesthe bulb. 


How solar cells work 


A layer-by-layer breakdown of what's in a solar 
cell and how the different parts work 


Sun light 


Glass cover 
Photovoltaic cells 
need protection from 
the weather. 


Electron 


transfer 

Sunlight frees 
electrons from their 
parent atoms and 
generates electricity. 


Anti-reflection coating 
The anti-reflection coating ensures 
sunlight is absorbed by the 
photovoltaic cell. 


Upper metal contact 
The electrical current flows 
between each contact. 


N-type (negative) silicon 
Impure silicon is used to create the 
negative part of the circuit. 


Lower metal 
contact 

Electrical current is captured 
between the upper and 
lower contacts. 


P-type (positive) silicon 
Silicon with boron impurities creates the 
positive component of the circuit. 
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2. Solar receiver 
» __ Solar energy is ft ht 


collected and used to 
generate power. 




















1. Heliostats 

track the sun 
Mirrors move with the sun 
to bounce the solar energy 
onto the tower. 
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create steam that drives 
traditional turbines. 
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5. Power sent 
to the grid 


Electricity generated 
by the solar farm is 
distributed by the 
electricity grid. 


The PSio plantin Spain 
has 624 heliostats 
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Worldwide solar 
power generators 

1 UK:17GWh 

2 Spain: 2,562 GWh i) 
3 Germany: 4,420GWh 
4 Japan: 2,251GWh 
5 USA:1,572 GWh 
6 China: 172GWh a bik = eS 
SOURCE: Gross Electrical “= . — ae : S come inall 
Generation - Photovoltaics - 2008 : : 
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SOLAR PANEL 
TECHNOLOGY 





DID) OU/KNOW 3 


BIG en, 1, International 
Space Station 
The photovoltaic arrays 

~— connected to the American 
, modules generate about 
32kW over a surface area 
Of 37502, 








~ 2. Howber 
Business 
As the UK’s largest array 
®) of solar panels, the 3,000- 
>» = panels generate up to 
mee! 682 MWh and saves 350 
i tonnes of CO? each year. 


ark 





= generate 80 megawatts of output to 


| power 12,000 homes in Sarnia, 
' Ontario, Canada. 


How to make and sell interview 





One of the great things about installing solar 
panels at home is that you can sell any surplus 
electricity you generate to your local electricity 
supplier. The feed-in tariff, or FIT, enables anyone 
to gaina minimum payment for the electricity 
they generate. 

FIT works in two ways. Your local electricity 
company knows you generate your own power, SO 
fixes the payments you make for the electricity 
you buy from them. The other part of FIT comes 
into play when your photovoltaic cells generate 
more power than you can use. Any extra you can 


Creating your 
own solar power 


Photovoltaic cells 

The installed photovoltaic cells 
convert the Sun’s light energy 
into electricity. 





Mains power is 
still available 
When the Sun isn’t 
shining mains power 
can still be used. 


your own electricity 








sell to your electricity supplier at an agreed rate. In 
the United Kingdom this is currently 3p per kWh 
(kilowatt hour). 

The practical upshot of FIT for anyone who 
installs solar panels and produces any excess is 
that they will receive a payment from their 
electricity company on an annual basis. The 
photovoltaic system that you install works witha 
meter that not only measures how much 
electricity you are using from the mains supply, 
but also what you are generating. This is howthe 
electricity company can calculate your payments. 


Solar power 


converted to electricity 
An inverter converts solar-generated 
power into AC electricity. s 





Keeping track of usage 
A mains electricity meter will track 
mains power and exported electricity. 


Main distribution box 
Generated power is drawn just as if 
it were mains power. 


Living off the grid 


Life without the basic utilities might sound like 
anightmare for some, but for an increasing 
number of people, living ‘off the grid’ has 
become a lifestyle choice. These people have 
not simply installed a solar panel or two, but 
chosen to remove themselves completely from 
the tether most us have to the grid and the 
other utility providers. 

As you would expect, compromises have to 
loXemeat-(ol=wus Walce-baslelepelmeya) (crema leiayarcelene-tal 
generate will be dependent on the sunshine 
you receive, and of course there will be no long 
showers, nor running massive fridges when 
you're living off the grid. 

The power that is generated is usually stored 
in batteries for later use, and to ensuresome 





electricity is available when the Sun is absent. 
As photovoltaic cells can be attached to just 
about any structure or used free standing, they 
offer anyone who wants to live off the grida 
readily available source of power. 











What is the state of the 
solar power industry 
today? And has its uptake 
in businesses and homes 
been continuing to 
increase? 

The growth of solar power has 
been very impressive over the 
last few years, but it still 
represents less than one per 
cent of global electricity 
production. The adoption of 
solar power by homes and 
business is primarily driven by 
government subsidies. Being 
‘green’ is an added attraction. 
Europe, particularly Germany, 
has had attractive subsidies in 
the form of feed-in tariffs that 
have promoted tremendous 
growth in homes and 
businesses. Growth in other 
nations, such as the USA, is 
emerging primarily from 
business rooftop installations. 


Could you describe the 
process of making solar 
cells? 

The fabrication of a 
conventional crystalline silicon 
solar cell starts with texturing 
one side of a boron-doped 
silicon wafer that will become 
the front face. The wafer then 
undergoes a high-temperature 
phosphorus diffusion process 
to form the P/N junction. After 
removing phosphorus silicon 
glass, a by-product of the 
diffusion process, a silicon 
nitride anti-reflection coating 
is applied to the front face. 
This is followed by screen- 
printing silver paste on the 
front and aluminium and silver 
tabbing pastes on the back. 
The silver and aluminium 
pastes are rapidly co-fired to 
form the completed cell. 


How do current solar cell 
technologies differ from 
those used in the past, 


DuPont Senior 
Research 


Fellow 
Dr Bill Borland 


specifically with regards to 
their efficiency? 

Today’s six-inch 
monocrystalline industrial 
solar cell comprises a textured 
and passivated front face, 
screen-printed silver contacts 
and a complete metal 
coverage at the back. The first 
cell in 1953 had an efficiency 
of 4.5 per cent. In 1960, with 
the introduction of the front 
finger grid, efficiency leapt to 
14 per cent. Full metal 
coverage of the back in 1972 
and texturing in 1974 raised 
the value to 17 per cent. In 
1975 screen-printed contacts 
became common. Wafer 
sizes, however, were 2-3 
inches. Since 1975, effort on 
increasing wafer sizes to six 
inches, Silicon Nitride 
passivation in 2002 and 
improved contacts have 
created today’s 17.5-18 per 
cent efficient solar cell. 


Are there any upcoming 
technologies that will 
improve the efficiency of 
solar cells? 

The drive-to-grid parity 
demands improved 
efficiencies without increasing 
cost. This means changes to 
the conventional solar cell. 
Technologies like selective 
emitters and rear surface 
passivation are expected to 
become mainstream and each 
can raise efficiency by up to 
one per cent. Technologies on 
the horizon include the use of 
N base cells instead of P base 
cells. N base cells are more 
tolerant to impurities, making 
them resistant to light-induced 
degradation of efficiency. 
Other developments include 
metal wrap through and all 
back contact cells, which 
could deliver efficiencies 
greater than 20 per cent. 
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See how the most advanced solar-powered 
energy generation site produces electricity 


, The Ivanpah Solar Power 
iim Facility isa brand-new solar 

J thermal power site located in 
the Mojave Desert in western USA. The 
facility, which consists of three state-of- 
the-art thermal power plants lies 64 
kilometres (40 miles) south-west of Las 
Vegas and has a total capacity of 392 
megawatts, making it one of the largest 
of its kind in the world. 

Ivanpah achieves this energy with 
over 170,000 Sun-tracking heliostats 
(mirrored panels), which receive a vast 
quantity of direct sunlight over the 
1,415-hectare (3,500-acre) site and 
redirect it onto steam-producing 
thermal boilers mounted on top of three 


a ~ 


receiver towers. This steam is then used 
directly to power electricity-producing 
turbines (see ‘Ivanpah step-by-step’ 
below to follow the process). 

Construction of the Ivanpah project 
began in October 2010 and is to officially 
open in the latter part of 2013, with the 
site set to contribute to California’s 
existing electricity grid. 

However, the project has been seen 
by some environmentalist 
organisations as controversial due to its 
construction over an established 
ecosystem. In particular over 200 desert 
tortoises needed to be relocated during 
the build, with a cost of $55,000 per 
tortoise needed for the move. ™ 


Ivanpah step-by-step 


From heliostat to energy grid, how does Ivanpah deliver so much power? 


2. Receiver 

A boiler at the top of 
the tower is heated by 
sunrays, converting 
water into steam. 


1. Heliostat 
Software-controlled mirrors redirect the 
sunlight and focus it onto the receiver tower. 


3 
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Pin, 


5. Grid 
Electricity is fed into 
the energy grid where 
it can be distributed 

_ around the region. 


TY 9 4. Storage 
~The spinning turbines 
generate electricity, 
while any excess heat 
is stored in tanks. 


3. Turbine 
Steam from the boiler is 
_ then directed to a series 
4 of turbines below. 
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> 1. Hot water throttle ~~ 
») Warm surface water - between 
_ 15-20°C (59-82°F) - is pumped 
through a collection tube and into 
» aheat exchanger. 
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| 2. Heat to 


energy 
The heat exchanger 
captures the thermal 
energy of the warm 
water and uses it to 
boil ammonia, a fluid 
that turns to vapour at 
-33°C (-28°F). 












How we get the energ 
from the sea 











Limitless potential Squeaky clean 


If we could capture even 
one-tenth of one per cent of 
the energy stored in ocean 
waters, it will equal the daily 
electricity consumption of the 
United States, times 20. 


Seas of energy 


The belt of tropical waters 
circling the planet stores 1,000 
times more heat 

than the Earth’s atmosphere, 

a great potential source 

of energy. 


Sun sponge 
An incredible 80 per cent of 
the solar energy that reaches 
the Earth’s surface is then 
absorbed by the vast oceans 
that cover every corner of 
the globe. 
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produce zero. 
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A conventional coal-fired 
power plant for a small city 
coughs up millions of tons of 
CO, per year. An OTEC plant 
powering the same city would 


New hope 


Potential locations for OTEC 
sites include nations like 
Australia, but also third-world 
countries like Haiti, where 
clean OTEC power could 
revitalise economies. 
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Fringe benefits 
of using OTEC 


During 35 years of OTEC research, Authority (NELHA), for example, are 

engineers and scientists have discovered cooled year-round by deep seawater. 

several other important, energy-saving Instead of refrigerating fresh water to 

uses for OTEC technology. The offices of circulate through its air conditioning 

the National Energy Laboratory of Hawaii system, NELHA pumps in 6°C (43°F) 
—_ a seawater, saving $4,000 a month onits 

“ar electric bill. Aluxury eco-resort in Bora 

Bora does the same thing. 

Fresh, desalinated drinking water is 
another valuable byproduct of OTEC 
technology. Instead of using ammoniaas 
a propellant, an ‘open-cycle’ OTEC 
system vaporises warm surface water in 
a near vacuum to power the turbines. By 
condensing the water vapour witha blast 
of deep-sea air, you're left with pure H,O. 

The electricity and fresh water created 
by the open-cycle OTEC process can also 
be used to produce pure hydrogen, the 
essential component of zero-emission 
hydrogen fuel cells. Using a device called 
an electrolyzer, it’s possible to split fresh 
water into hydrogen and oxygen. The 
precious hydrogen could then be shipped 
to shore or around the world. 
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= 3. Steam engine 
- The intense flow of steam created by 


‘x the boiling ammonia is used to turn = 
» turbine blades inside a generator. 
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Turbine 
Blades 





4. Energy to electricity 
The generator, using a simple magnetic 

field, converts the rotation of the turbines 
into electrical current. 
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Heat Exchan 
(Condenser 









5. Deep freeze 
Meanwhile, ice-cold 
seawater - near O°C 
(32°F) - from as deep 
as 1,000 metres is 
pumped into a second 
heat exchanger. 






7. Closed system 
The ammonia is pumped back 
to the first heat exchanger, 
where it is boiled again. No 
ammonia is burned and no fuel 
is wasted. 


















6. Cool condensation 
The second heat exchanger captures the cooling 
power of the deep seawater to convert the 

ammonia vapour back to a fluid state. 





Cold 
Seawater 
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Head 
to Head 


HYDROPOWER 


1. Tidal power 
Hydroelectric power is commonly 
generated by building a dam (or 
barrage) across an estuary to 
store water in a reservoir. The 
ebb and flow of the tides can 

be used to turn a turbine to 
produce electricity. The difference 
in height between high tide and 
low tide can also be used to 
collect the store of water to 

be released. 





2 a £ 
2. Wave power 
The movement of waves over the 
surface of the ocean can be 
turned into electricity. Waves 
travel as crests and troughs, and 
an object floating on the surface 
will rise and fall accordingly. This 
motion can be converted into 
electricity in a chamber at a wave 
power station. The rising and 
falling water causes air to be 
forced in and out of a hole in the 
top of the chamber. This air can 
be used to power a turbine that 
can generate electricity. 


CURRENTS ~ 





3. The power of 
the currents 

The power of water can also be 
harnessed using the oceans’ 
currents. Installing large 
underwater turbines with rotors 
capable of turning with the 
surging movement of ocean 
currents rushing past can be 
used to generate clean electricity 
to nearby coastal areas. The 
main problem with this form of 
energy is that the currents need 
to be strong and the seabed 
needs to be both shallow and near 
to the coast. 
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Flood barriers 


How flood 
barriers work 


fel (ossy=) an (ole) kes ims ale iia belasiem aaleveletsbablersd mel=)is)aleas 
are able to hold back great surges of water 
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» Flood barriers are employed all over 
the world to prevent a sudden deluge 
(ODay Vc hs) eee copasmer- Bent. t-aberemeyaejel-vanva-belel 
potentially taking lives.A few sandbags lining 
the floor of a porch will be an effective defence 
against a small flash flood, but something a 
little more robust is required to hold. baekthe: 
mighty swell of London’s Thames River: = 
In 1953, London and the surroundin, 
aiVZckswey-VoUbva evi onvasBilelelomaetlmelt-steetate 1307 
and caused millions of pounds“worth o of 
damage. It prompted the creationof the = 
Thames Barrier, an impressive feat of. 
engineering that took eight years to buildand 
cost £534 million ($839 million) by the time it 
was completed in 1982. It stretches.across 520 
metres (1,706 feet) of the Thamesnear Woolwich 
and comprises ten separate gates on pivots 
supported by concrete piers that house the 
machinery for operation of the gates. 
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As tends to be the case with all the best 
engineering designs, the Thames Barrier is 
based ona very simple concept. Each gateis 
ecLO OCCU OmUtsyparem aLO)UKe\Vmeayd Duele(cvacmer-lmaeleelnoneel— 


barrier through 90 degrees according t0 —= = —~ 


NAVA oXcue ols) eum alcayaeacmbeme)el-seumilelelemeepalnae): —— 


maintenance positions. Four central gateSover 
— 2ometres (65 feet) high and. weighing 3,300 tons” 


= a 
——- . each span the middlesection of the barrier 
ives ae two smaller gates next to them and four 


=" 


~—nor- -navigable radial gates that sit above the 
——~ riverduring normal flow. 

a, ~When a potential storm is forecast to hit the 

| “Thames Estuary, the barrier flood defence can 
be erected i hows aelopelomeropaspelelccrsmm ANY om enycene-lenele 
cylinders move rocking beams that shift the 
' gate into the closed position. Here, the Thames 
Barrier can hold back the downstream tide 
until it’s level with upstream again and safe 
to be opened once more. # 
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Seesaw Britain 


Britain is actually tilting, with the northern and western regions like 
Scotland and Wales rising, while southern and eastern parts of England 
are sinking into the sea by 33 centimetres (13 inches) every century. 





The Thames Barrier was hit by a dredger in thick fog In 1997, causing £13bn ($20.6bn) of damage 





The Thames Barrier in action Downstream 


: P The river flows away 
Explore London’s impressive flood defence 


; . te from the barrier 
in both its open and closed positions downstream: excent 


when the tide comes in. 





















Gate 

These are hollow and 
the main gates can 
withstand up to 9,000 
tons of pressure. 


Foundation 
The gates rest in these 
recesses when they are 


Rocking beams in the open position. 
These rotate the cylinders 
on either side into position. Surge 


A potential storm flood will 
flow from downstream 
against the gate. 


Upstream 
The Thames flows into the 
barrier from upstream. 


The biggest barrier 


The Oosterscheldekering is the largest movable flood barrier in the world. Like 
the Thames Barrier, this Dutch feat of engineering was built in response to the 
1953 North Sea Flood. It’s actually part of 13 dams known as Delta Works and is 
nine kilometres (5.6 miles) long, four kilometres (2.5 miles) of which include 
huge sluice-gate doors that are normally open, but can be closed in the event of 
a tidal surge. It comprises 65 concrete pillars weighing 18,000 tons each, with 
iW avewe Matclant=sc um cekelem stclaal=\s 62 steel doors, each 42 metres (138 feet) wide. Dutch engineers created an 
/atckom eX=t=) am lame) elec] uleyal artificial island in the centre of the estuary to facilitate the construction of the 
since 1982 and protects structure and, unlike the Thames Barrier, which is estimated to be effective until 
125km? (48mi?) of central around 2030, Oosterscheldekering has a predicted lifetime of 200 years. 
Mo)ate(olamice)anmiler-|mclelne(=s 
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* This offer entitles new UK Direct Debit subscribers to receive their first 3 issues for £5. After these issues, subscribers will then pay 
£19.25 every 6 Issues. Subscribers can cancel this subscription at any time. New subscriptions will start from the next available issue. 
Offer code ZGGZINE must be quoted to receive this special subscriptions price. Direct Debit guarantee available on request. This 
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“8 and talented experts to write every article 


Join the community 
Link up with other readers with a passion for 
knowledge at www.howitworksdaily.com 
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Try 3 issues for £5 in the UK* 

or just $6.15 per issue in the USA** 
(saving 35% off the newsstand price) 

For amazing offers please visit 
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Annual 


From the science behind love, to the latest technology trends, 
the How It Works Annual is a collection of the best content from 
the last year including over 1,000 facts about everything from 
ice skating to the life of a dinosaur. 
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Master the skills needed to Survive Witness how extreme weather Explore the otherworldly weather 
killer weather events like megafloods, Tan) er=[eje-mel0lamal=ir0lar=]M>/a\V/ime)aleal=/sieememelan systems that emerge and exist within 
heatwaves, cyclones and more... Submarine volcanoes to acid rain our Solar System 
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